JOURNAL 


OF THE 


AMERICAN SOCIETY OF NAVAL ENGINEERS 











MAY, 1911. No. 2. 


VOL. XXIII. 














The Society as a body is not responsible for statements made by individual members. 








Councit oF THE SociETy 
(Under whose supervision this number is published). 
Eng.-in-Chief H. I. Conr, U.S. N. Captain R. S. Grirrin, U.S. N. 
Eng.-in-Chf. Cuarces A. McA.utster, U.S.R.C.S. Commander U. T. Houmgs, U.S. N. 
Commander J. K. Rozison, U.S. N. 


DESCRIPTION AND TRIALS U. S. TORPEDO BOAT 
DESTROYERS McCALL, BURROWS AND AMMEN. 


By LIEUTENANT C. W. Densmore, U. S. N., MEMBER. 


Torpedo Boat Destroyers No. 28, the McCall, and No. 29, 
the Burrows, were authorized by Act of Congress May 15, 
1908. Contracts with the New York Shipbuilding Company, 
Camden, N. J., for their construction were signed October 
5, 1908. The vessels were to be completed and ready for de- 
livery by October 5, 1910. 

The contract price for each vessel was $665,000.00, of which 
$390,000.00 was allotted to the machinery. 

The keel of the McCall was laid June 8, 1909, and the ves- 
sel launched June 4, 1910. 

The keel of the Burrows was laid June 19, 1909, and the 
vessel launched June 23, 1910. 

The official contract trials of the McCall were begun Sep- 
tember 6, 1910, but were not completed on account of neces- 
sary alterations to the fuel-oil burners. A second trial was 
carried out successfully December 8-12, 1910, and the vessel 
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was completed and delivered at the Navy Yard, Philadelphia, 
Pa., January 18, 1911. 

The Burrows was given her official contract trials January 
7-10, 1911, completed, and delivered at the Navy Yard, Phila- 
delphia, Pa., February 17, 1911. 

The general requirements of the contracts were as follows: 
Trial displacement about 742 tons; speed on four-hour full- 
speed trial not less than 2914 knots. 

Torpedo Boat Destroyer No. 35, the Ammen, is one of the 
six vessels of this class authorized by Act of Congress of 
March 3, 1909. 

Contract with the New York Shipbuilding Co., was signed 
June 18, 1909. The keel was laid March 30, 1910, and the 
vessel launched September 20, 1910. 

The contract price was $648,000.00, of which $378,000.00 
was allotted for machinery. 


GENERAL DESCRIPTION OF THE VESSELS. 


The three vessels are in all essential particulars alike. The 
hulls are of steel, galvanized in all parts below the water line, 
and lightened by omitting or cutting out all useless material. 

There is a main deck and raised forecastle, the latter extend- 
ing as far aft as frame 41. On the forecastle deck are located 
the anchors and anchor davits, capstan and pilot house, with 
bridge above. Under the forecastle is a small storeroom in the 
eyes, lamp room and windless-engine room extending to frame 
12, where a watertight bulkhead is worked. Abaft of this 
bulkhead are quarters for four commissioned officers extending 
aft as far as frame 34. From frame 34 to frame 41 a passage- 
way is formed on the starboard side. The ship’s galley is 
amidships, with the crew’s washroom and water closet on the 
port side. Abaft the galley, on the center line, is a companion 
way leading down to the crew’s space. 

There are two pole masts, four smoke pipes, true ellipses 
in section, raised hatch coamings for the firerooms, four 
forced-draft down-takes with mushroom hoods that can be 
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raised to form deflectors for the wind or battened down to 
keep out the sea or weather. The air ducts are about waist 
high when closed. 

Abaft the smoke pipes on deck is the engine-room hatch, 
abaft of which is a deck house, including a crew’s water closet 
and wash room, wireless telegraph room, and hatchway to the 
berth deck. 

Abaft the deck house, at about frame 149, is located the 
hand-steering gear. 

The berth deck extends as far aft as frame 51, and from 
frame 124 to frame 160. On the berth deck a small store room 
is located in the fore peak, abaft which is the paint locker. 

Between frames 12 and 51 are the petty officers’ quarters 
and crew space, separated by a watertight bulkhead at frame 
28, provided with a watertight door; the petty officers’ space 
being forward of the crew space. The only access to the 
petty officers’ space is through the crew space. There are also 
bulkhead ladders at frame 51, port and starboard, giving 
access from the crew space to the main deck. The forward 
storerooms, on both the main and berth decks, are reached 
from the forecastle. The living spaces are all sheathed with 
No. 27 U. S. G. galvanized iron, cork painted. Sixteen metal 
folding berths and one mess table are provided in the petty 
officers’ quarters, and forty-four berths and two mess tables in 
the crew’s space. These quarters and store rooms are lighted 
by dead lights and air ports in the ship’s side. There is no 
artificial ventilation excepting electric fans in the living spaces. 

The after berth deck is divided as follows: From frame 124 
to frame 138 are the quarters for the men of the engineer’s 
force. From frame 138 to frame 149 are quarters for chief 
petty officers. Eighteen metal folding berths and one mess 
table are fitted in the former and eight berths and one mess 
table in the latter compartment. Abaft the chief petty officers’ 
quarters are ordnance, engineer’s and equipment store rooms, 
and sail room. The living spaces and store rooms on the berth 
deck, aft, are provided with air ports and dead lights, the same 
as the forward compartments. 
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There are two boiler compartments and one engine com- 
partment. The boiler compartments, extending from frame 
59 to frame 97, are provided with fuel-oil settling tanks, out- 
board from the boilers, their tops forming a shelf on which are 
located pumps, filters, heaters, etc. The engine compartment 
extends from frame 97 to frame 124, the double-bottom space 
from frames 97 to 103, out to the first longitudinal, being ar- 
ranged for reserve feed. A small galley coal bunker is worked 
in between frames 59 and 63, on the starboard side, extending 
from the main deck down to the top of the settling tank. 

The following are the particulars of the hull: 


Length between perpendiculars, feet and inches.............. 289-00 
Projection forward of F.P., feet and inches...............+.. 2-00 
Ot Oe. Fi 0 ee C do ic vs dwecictwsscien 2-084 
es Ne Oe, HOUR ON IR ne occ xn peda us densaadeceas 293-1014 
OE is BE ME SUID gos oe vvbtccerccceecevines 289-0434 
Breadth, molded, at 8 feet water line, feet and inches......... 25-11 
10 feet water line, feet and inches....... 26-05 
ocean: Gath Gi GN ois oid. nx ove dativcnesstnceses 26-11% 
Depth, molded, at frame 83, feet and inches.............+++.- 16-04 #; 
Drank Gestemied,, Geet BG MAES cin oo oic ccccic cccccsscenecss 8-04 
Displacement at designed draught, tons................+-e00. 737.2 
per inch at 8 inches draught, tons............... 12.2 
ee 8 er eee 11.13 
SE Mi Me SE ce cu ne Sadia se nabaeieseesane 5,032.5 
a ee ee ee ee eee 7,770.0 
Seeieresd BEE. GR BOO ioiiks koe oc acne cis cadeiesde 143.5 
CG Oe Bale ee De IE OE is Rabin none sc vedecencaccevae 2.78 
Ci IE UN Or I og bch io cc cians becsccaccusonces 5.32 
Sec ee WI si ts a coh reece wd a sind aw wee wearer’ 0.255 
Transverse metacenter above C.B., feet.............sceeeeees 7.78 
Longitudinal metacenter above C.B., feet...........-..eeeee0e- 795.0 
RB ee nr ee, ree 0.412 
Mricsls 5 dee 4s onee 0023 oKmmaul yea ahs 0.663 
DME koa a vedcncesees panasbasess 0.6699 
Number of frames, spaced 91 inches... oi... .0ccccccccccscevese 164. 
Heights above 8-inch W.L. : 

Top of foremast, feet and inches..............--cecsecceces 67-1044 
I BI MI CII nn ood odes cccccdcccceccoves 68-03 
bridge at side, feet and inches..................0008 31-00 ,'; 
forecastle deck at stem, feet and inches............. 25-0414 
main deck at stern, feet and inches................. 16-04 3; 


searchlight platform, feet and inches............... 38-08 ; 
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COMPLEMENT. 
Co ia nis Eirias cea ceeds 1 
Wee GG Faire . Bude SST 3 
Pulte GT NE GRO Gk 6S i 5s eh NO IS 85 
WE ea wth tein oi cass ia ta eee eee 89 


SMALL BOATS. 


Two 20-foot whale boats. 
One 20-foot power dory. 
One 17-foot dory. 


MAIN ENGINES. 


The propelling machinery consists of Parsons turbines, a 
description of which, covering the general features, is given 
below : 

The arrangement provides for five ahead and two astern 
turbines, with the astern turbines in the casing with the L.P. 
ahead turbine. Three shafts are employed for going ahead 
and two for going astern, the disposition of the turbines being 
as follows: The center shaft is driven by the main H.P. 
turbine, the starboard shaft by the I.P. cruising, and one L.P. 
ahead turbine and the port shaft by the H.P. cruising and 
one L.P. ahead turbine. The cruising turbines for both the 
wing shafts are forward of the low-pressure turbines. For 
full speed ahead steam is admitted to the main H.P. turbine, 
and after expanding into the two L.P. turbines is exhausted 
into the condensers, the H.P. and I.P. cruising turbines under 
this condition revolving in a vacuum, maintained through the 
turbine drains. 

For low cruising speeds steam is admitted to the H.P. 
cruising turbine, expanded into the I.P. cruising turbine, and 
from this into the main H.P. turbine, thence through the L.P. 
turbines to the condensers. ; 

For high cruising speed steam is admitted to the I.P. cruising 
turbines and expanded into the main H.P. turbine and thence 
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through the two L.P. turbines into the condensers. Steam is 
not admitted to the H.P. cruising turbine under this condition, 
the turbine revolving in a vacuum maintained through the 
drain, with the connection between the H.P. cruising and L.P. 
cruising turbines closed by a self-closing valve. Self-closing 
valves are also fitted on the exhaust pipe from the main H.P. 
to the L.P. turbines, so that the L.P. ahead and the astern 
turbines can be operated as desired, with the starboard and 
port engines entirely independent. Under these conditions 
the main H.P. turbine is not in use and is connected to the 
condenser by its drain. The exhaust pipes from the H.P. 
cruising to the I.P. cruising turbine and from the I.P. cruising 
to the main H.P. turbine are provided with screw-down self- 
closing valves. 

The cylinders or casings are of hard close-grained cast iron, 
divided into two parts at the axis on a horizontal plane, the 
bearings at each end forming a part of the lower casting. 
This lower half is also provided with feet for bolting to the 
seatings. The method of machining the cylinders was to 
rough-bore and plane, after which the parts were bolted to- 
gether and given the maximum hydrostatic test. Castings 
were then heated by steam at atmospheric pressure for 24 
hours, to anneal same, and allowed to cool, after which the 
finishing work was done and the cylinders grooved for the 
blading. 

The rotor drums are class A forged steel, and the rotor 
wheels, or spiders, are forged in one piece with the rotor 
shaft. The shafting is treated to give it the characteristics 
of class A forged steel, while the wheel portion is class B. These 
forgings were received at the works rough machined, with 
the spiders slotted out to their true proportions, thus giving 
a perfectly balanced rotor. This is a very expensive method, 
but undoubtedly gives most satisfactory results. The blading 
is on the Parsons standard system, the composition of the 
blades and binding strips 72 per cent. copper and 28 per cent. 
zinc; the calking strips 634 per cent. copper and 363 per cent. 
zinc, and the binding wire of copper. 
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SECTION THROUGH MANEUVERING VALVES—TORPEDO-BOAT DESTROYERS ‘‘ MCCALL,” 
** BURROWS”’ AND ‘‘AMMEN.”’ 





The working platform is immediately abaft the forward 
engine-room bulkhead, upon which is located all the valves and 
other operating gear, such as gages, counters, telegraphs, etc. 
Composing the group of turbine-operating valves are the 9-inch 
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DESCRIPTION AND TRIALS, U. S. T. B. DESTROYERS. 361 


angle, main steam stop valves, one on each side; the starboard 
valve admitting steam from the two after boilers, and the 
port valve from the two forward boilers. Pipes from these 
valves lead to a distributing casting located amidships, at the 
bottom of which is a 12-inch balanced throttle valve. At the 
bottom of the throttle-valve casting is a steam strainer with 
two 9-inch branches for steam to the main H.P. turbine, with 
a 74-inch globe stop valve for steam to the I.P. cruising tur- 
bine on the starboard side, and a 5-inch globe stop valve for 
steam to the H.P. cruising turbine on the port side. 

On the horizontal arms of the distributing casting are two 
combination double-beat valves for steam direct to the L.P. 
ahead and astern turbines, these valves being used for maneu- 
vering ; the valve stems being actuated by a double-ended lever 
controlled by springs, and so arranged that when one valve is 
opened the other is closed. The upper valve of the combina- 
tion (see sketches) is 7-inch for steam to the L.P. astern 
turbines and the bottom valve is 6-inch for steam to L.P. 
ahead turbines. By turning the maneuvering-valve hand- 
wheel to the right the lower valve is closed and the upper one 
is opened, thereby admitting steam to the L.P. astern turbine, 
the operation, of course, being vice versa for going ahead. 

All valves and castings are composition and all piping is of 
seamless-drawn steel, with rolled-steel flanges. 


MAIN TURBINE DATA. 


Diameter of rotor drums: 


Dees OR o's Soy hides dbedewendcged sens alanasg meet erat en 2914 

Oe GEE, TAB. os ino S00 cc gnasesses etrateint ete 30 

Sr. GUI PIs 6 5-So kis cdc escnccntced eculpeceics DL Veetww ened 29 

Es ei ES 5 2 ois ivi cctidindsndadus deeccete este 4314 

Ras: RE A a ised oa inc xine cd seek oosediweecene es 29% 
Diameter of turbine casings: 

re SIR on nico Phic oy Cain awn envaiede 3234, 34, 3514, 38. 

my Se Ter PEO Te 3034, 31, 31%. 

LP. crisitig, 1Nches..c:ccoccscccsocseccccs CORR CHG, BB. 

Ba Me, IR. vb.ckoe wecncceicouveeces 463%, 48, 4914, 52, 54, 59. 


Eee SS SNES = ovo bw siceebenes cases 3214, 35. 
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Number of expansions: 


et FRO alhiakua etal iin tinctaiag ta en seek ound adios ceeuveene (-o 

SESS FORD pay Bn ee ire pe earn a eee suai Ie 

Ee SOUS os xcvwinotecus Snkhned ba vos Gia damatutenwe ues mona oo 8 

Ree rE Setar Weve sob ba phdeeursnaeerh enn jevecedoe TE 

ee sci dea peels Saa-waem ne tene«> does astel eiweie aan” Ab 

Length of casing for blading, for each diameter and expansion noted above: 

Se MIR ve nn bhdesess coe 1344, 14%, 17, 18%. 

PLP. COOISINE, MICIBB co 6c ccic cccce 16%, 1714, 17%. 

LP. cruising, inches.......cccccs. 1634, 2134, 20%. 

Bi MO, GIR ohn 5 docks cescee q, 7%, 3 0f 8, 8%, 8%, 8%. 

Bats Ny MR circ ncccnnscace 9%, 1114, 14%, 15. 

Rows of blading for each expansion: 

IEEE cate ree. or. Ss badcpiils secede bbe Reba neind pee ae 

Se ec kk cn came pianeodatad meesuewee cevccooseoe 2B 

Ri Ass ccumeiees 34 dediduneeuess iakes ace de ee hesheanaor ress 16 

ee Munn on eee 4 of 5, 4 of 4 

CP ROS 6 85s Pace bebe cdeeekneeseharedewewesedeenws aiadalns eg 

Length of blades for each expansion: 

Bees Ms enka cncb ote cokes 1%, 24%, 3, 4%. 

EP. Cruising, IGReS. ... ..c.ccccccee 0%, 014, 0}4. 

Bee CE CRMIE conc s occ srsccswe 0%, 1%, 1%. 

Cr MN cdc ngediorewas 1%, 2%, 3, 4%, 5%, 3 of 7%. 

nr NNN i ai al 0%, 1%, 2%, 2%. 

Diameter Length over all 
Length. Diameter. axial of rotor drum and 
, hole. shaft. 
Rotor shaft and bearings: inches. inches. inches. Seet. inches. 

8 Aes 7 7 3% 11 11}3. 

Ae” eee 7 7 3% 10 02,5. 

ED. CRU coe Saccdes's 7 7 3% 10 10% 

Ride MO ooo saa sedans 12 7 3% 17 08}. 

Rat MO chs e'sccaeeees 12 7 ae oF es 

Thrust bearings: 

Collars on shaft: M.H.P. H.P.C. I.P.C. L.P. (one). 
oe eis cawabebensa tees 16 8 8 16 
I RS oa sa doe Saver bses 0% 0% 0% 0% 
Space between, inch..........ccceee 0% 0% 0% 0% 
Outside diameter, inches............ 8% 8% 8% 8% 
Inside diameter, inches............. 5% 5% 5% 5% 


Bearing surface, top, square inches.. 265.2 101.12 101.12 265.2 
bottom, square in. 262.88 115.56 115.56 282.88 


Number of shoes, top....... Seakee’ 15 7 7 15 
CONE cet coneses 16 8 8 16 
Effective thrust surface (oil grooves out) : 
Full speed ahead, square inches.......... 5 scareie aa otek Slee tute a 
Astern, square inches.......... Lada sagsasne wand Secsngeeeces Gee 
Cruising speed, square inches...........ceeccccecscecccecees | 


Steam thrust, square inches...............+.-- 201.87-+-736.5—total, 938.37 
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Number and diameter of steam and exhaust connections: 





M.H.P. H.P.C. L.P.C, L.P. ahead. L.P. astern. 
Steam, inches.... 2 of 9 1 of 3 1of 7% 1of 6 1 of 7 
Exhaust, inches.. 2 of 16 1 of 9 1 of 13 1 of 3914X46% 


SHAFTING. 


There are three lines of shafting, all of class A forged steel, 
arranged as follows: The starboard and port shaft abaft the 
turbines each consists of four sections, two of which are line, 
one stern-tube and one propeller. The center shaft consists 


) of five sections, four of which are line and one stern-tube, the 
3 latter in this instance also being the propeller shaft. ‘The 
; shaft couplings are of the Lovekin type described many times 
; in this JouRNAL. The stern-tube shafting is the only portion 
that is covered, the casing at the bearings being of composition 
H, and that between the bearings being seamless-drawn brass 
tubing 4-inch thick. 
Data for Shafting. 
Outboard shafting: 
Line shafting, forward section, length, feet and inches........ 12-017; 
after section, length, feet and inches............ 12-03 
Stern-tube shafting, length, feet and inches..............+.+.- 22-0214 
Propeller shafting, length, feet and inches................... 17-0244 
Total Teme, Genk Me - AES inks ks as ene ait ounces 63-09% 
Center shafting: 
Line shafting, forward section, length, feet and inches........ 21-01;'; 
center, length, feet and inches......... 18-00 
after center, length, feet and inches............ 16-06 
section, length, feet and inches.......... 14-00 
Stern-tube, length, feet and inches. .i.....0icscccicevesesctes 19-00 
Datel. ee SO DN TOR oan in vk bccn setnteveestnenees ees 88-0754 
Desiene GE RII ANG a o.oo: nics o0 cna deve vsueece 500s 06% 
eee WGI ES ao os 0s Co cceavesnanaepeanecoess 03% 
Cnt Baad BANE s 5.6 sic cca ctadateeeesees 11% 
Thickness of coupling flanges, inches...........c0.eeeceeeeees 01% 
Diameter of shafting at steady bearings, inches................ 07% 
Lenath of steady Denritig, CRESS... . 6.0 ccs ties seccacsedswceges 09% 
Number of steady bearings: 
: Outboard shafting, each............. EE or ee ne me 2 
) Ce I an iol co ost eens.2 bn baie eae bene Ines ee 5 
) Length of inboard stern-tube bearings, feet and inches.......... 1-09 
7 outboard stern-tube bearings, feet and inches........ 2-09 


strut bearings, feet and inches..............ceseeeees 
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PROPELLERS. 


The propellers are of solid manganese-bronze, true screws, 
with the blades cast solid on the hub, which is bored taper to 
fit the propeller shaft, and held in place by two longitudinal 
keys and a composition nut on the end of the shaft. The nut 
is locked in place and covered by a composition cap bolted 
watertight to the hub. The driving faces of the blades were 
machined to a true surface, the backing faces being ground to 
a good surface, after which the entire surface was polished. 
Each propeller was accurately balanced. The starboard and 
center propeller are right-handed and the port left-handed. 


Data for One Propeller. 


EE BEE TSE EEN RT OP TREE Oe 3 
Diameter of propeller, feet and inches................0eeeeeeeee 5-034 
PE GE BPOMCICS, GOGE BG THEME. <  oc onc cee cccctevcccccceves 4-10 
te EO os 5 wn ny aitswahesinaenaebesen 0.917 
I I 550505 wes BUEN aaeawewew Deeb Teepe ES 13.627 
I IN SIS 0 ocak pwanee sn edaeeweween 15.26 
i, WI I oct adn dnecsws acdoneimakenenae eeered 21.82 
RASS OL STOIOCHE SHOR WH GIG BVO occ cies coc icelces ces ccwcesss 6.28 
Area of immersed midship section, square feet.................- 143.5 
Ratio disc to immersed midship-section area................+4+- 151 
projected disc to immersed midship-section area.......... .0949 
Height of lower tip of blade above keel, wing, inches............ 0145 
below keel, center, feet and inches.. 1-04% 
Immersion of upper tip of blade, wing, feet and inches.......... 2-114 
center, feet and inches......... 40474 
Lanath of lonaitudamal ere, WiCHOS . 6. 6o5 oso ct a sec cdccs vecccces 13% 
Thickness of longitudinal keys, inch...............ecceceeeeeees 0034 
Width of longitudinal keys, inches. ......2.ccccccccccccccccccdes 01% 


LUBRICATION SYSTEM. 


The main turbine and line-shaft bearings are provided with 
a closed system of lubrication, the oil being forced through 
by two pumps provided especially for this service. These 
pumps draw from a tank located amidships at the lowest 
available place in the engine room, and force the oil through 
one or both, if required, of the coolers, from whence it passes 
to the bearings at a pressure of about ten pounds per square 
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inch. It is thus collected by a series of pipes, uniting at a 
sight manifold, where a thermometer is provided for each 
bearing, so that the observer is able to note the temperature 
of the oil passing from each bearing and the fact that there 
is sufficient quantity as well. From this manifold the oil 
passes to the drain tank noted above, and the operation is thus 
made continuous. Reserve tanks are located under the main 
deck in the engine room, from which a supply of oil may be 
obtained to replenish that in the drain tank, should this be 
necessary on account of any leakage in the system. All piping 
is of copper or brass with composition fittings. For pumps and 
connections, see table of pumps. 

The oil cooler used is the Schutte & Koerting corrugated- 
tube film oil cooler, consisting of nests of concentric spirally- 
corrugated copper tubes, forming by the differences in their 
diameters, “ film spaces” through which the oil passes at a 
high velocity; the cooling water passing through the inside 
of the inner tubes and out through the space around the nest 
of tubes and the cooler shell. The tubes nest in “ headers,” 
that at the top being bolted to the shell flange and the bottom 
one free within the shell to permit of expansion. The cooling 
water and oil inlet and outlet are both at one end, this arrange- 
ment for the oil being accomplished by division walls in the 
headers to direct the flow. The shells are of copper, with 
composition flanges, heads, headers and tube nuts. The sys- 
tem will be recognized as that described in the article on “ Heat 
Transmission and Transmitter,’ by Captain A. B. Willits, 
U. S. Navy, in the February, 1910, number of this JouRNAL. 

The advantage of this type of cooler, over the plain-tube 
type, are increased cooling surface per axial foot, self-cleaning 
on account of the constant agitation due to the tube corruga- 
tion, facility in replacing a tube or in removing same for 
cleaning. 

Constant agitation of the fluid to be cooled has the effect 
of bringing all of the particles in contact with the cooling 
surfaces, thus reducing to a minimum the size of the apparatus 
and the quantity of cooling agent used. 
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Burrows 
Data for One Cooler. and 
McCall, Ammen, 


1 
Capacity per hour, gallons 2,960 
From 150 degrees to 85 degrees, with water at 60 degrees. 
Length over all, feet and inches 80914 
of shell, feet and inches 7-074 
Diameter of shell, feet and inches 1-03 
Number of tubes (nests) 3 
Diameter of outer tube, I.D., inches ‘ 05475 
inner tube, O.D., inches 054'5 
Gage of tubes, Stubbs, No 13 
Length of outer tube, feet and inches 6-093% 
inner tube, feet and inches 70634 
Area of cooling surface, square feet : 53.3 
Water spaces tested to, pounds per square inch 
Oil spaces tested to, pounds per square inch.... 


TORSION METERS. 


The torsion meters are of the Fottinger type, one for each 
shaft. Calibration of the shafts before installation gave the 
following data: 











Length of shaft calibra- 


Foot-pounds for one- 
inch torque at 120- 


inch radius |t1,428.55 3+373-34| 5,458.08] 11,666.66) 7,466.66) 11,428.55) 11,570.247) 7427-055 |11 5546-39 





The length of shaft which torsion meter records is for all three vessels, 4 feet 1.213 inches. 


MAIN CONDENSERS. 


There are two condensers, located one on each side of the 
engine room. They are cylindrical, with shells of wrought 
steel, water chests of copper, tube sheets of naval brass and 
tubes of composition 70 per cent. copper, 1 per cent. tin and 
29 per cent. zinc. 

The tubes are straight, fixed at one end by expanding into 
tube sheets and at the other end are provided with screw 
glands and packing. 
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The circulating water is furnished by independent circulat- 
ing pumps discharging directly into the short water chest or 
nozzle at forward end of condenser, thence passing through 
the tubes and overboard through a similar nozzle. 


Data for One Condenser. 


Length of shell over tube sheets, feet and inches 
Inside diameter of shell, feet and inches 
Thickness of shell, inch 

tube sheets, inch 
Number of tubes 
Outside diameter of tubes, inch 
Thickness of tubes, B.W.G. No 
Length of tubes, feet and inches 
Number of stay tubes 
Pitch of stay tubes, inches 
Size of stay tubes, steel pipe, inches, O.D 

gage, B.W.G 
Cooling surface, measured on outside of tubes, square feet 
Ratio of cooling surface to total heating surface 
Area through tubes, square inches 
circulating water inlet and outlet, square inches 

Ratio tube area to circulating inlet and outlet 


The following connections are on each condenser shell : 


One main turbine exhaust, rectangular, square feet 
Pee I, Os oad ok Ska bs 04s pane Reba tea en 
Bleeder, inches 
Feed-heater drain, inches 
Air-pump suction, inches 
Safety valve, inches 
Boiling-out connection, inch 


The following connections are on each water chest : 


One main injection on forward chest, inches 
Outboard delivery on after chest, inches 
Manhole, inches 
Drain, inch 
Air cock, inch 
Thermometer, inch 
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MAIN AIR PUMPS. 


There are two main air pumps of the Blake twin, vertical- 
beam type, having two 12-inch steam cylinders and two 26-inch 
water cylinders and a common stroke of 18 inches. Each is 
connected to its condenser by a 10-inch suction line and dis- 
charges to the main feed tank through a 9-inch pipe. 


MAIN CIRCULATING PUMPS. 


There are two main circulating pumps of centrifugal type, 
the 31-inch impeller being driven by a vertical simplex engine 
designed by the New York Shipbuilding Company, having 
enclosed crank case and forced lubrication. 


Data for One Circulating Pump. 


Capacity of pump, gallons per minute 

Diameter of suction nozzle, inches 
discharge nozzle, inches 
impeller, inches 

Width of tip of blades, inches 

Diameter of engine cylinder, inches 

Stroke of engine cylinder, inches 

Diameter of piston rod, inches 


FEED AND FILTER TANK. 


There is one feed and filter tank located on the center line 
of the ship at the after engine room and as high as possible 
to permit of entrance to the filter chamber. Total capacity is 
650 gallons, of which 235 is for the filter chambers and 415 
for the feed tank proper. The tank is of steel, galvanized. 
There are the following connections to the first filter chamber : 


Two main air-pump discharge, inches 
Filling pipe, inches 

Distiller fresh water, inch 

Vapor pipe, inches 

Drain pipe, inch 
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There are the following connections to the feed tank: 


Main feed suction, inches 
Overflow, inches 
Vapor, inches 
Drain, inches 
Water gauge and thermometer. 


WATER-MEASURING TANKS—TRIAL, 


A double tank was placed on deck over the main feed tank, 
fitted with gage glass and boards marked for each 10 gallons 
up to 730 gallons, the fair capacity of each tank. A temporary 
discharge from main air pump, with a swinging nozzle, was 
fitted up so that the air pumps could be caused to discharge to 
either of the contiguous measuring tanks at will. A large 
quick-opening valve in the bottom of the measuring tanks 
allowed them to be dumped into the main feed tank. 


MAIN AND AUXILIARY FEED PUMPS. 


There are two main feed pumps of the Blake vertical sim- 
plex piston type, located near the center line in the after part 
of the engine room under the feed and filter tank. They have 
13-inch steam and 9-inch water cylinders, with a common 
stroke of 16 inches, a 6-inch suction to main feed and reserve 
tanks and a 44-inch suction to the main air-pump channelways. 
They discharge to the feed line through a 5-inch line. 

An auxiliary feed pump of same type and size is located in 
each boiler compartment, having a 4$-inch suction to main 
feed and reserve feed tanks, and discharge through a 4-inch 
line to boilers. ‘These pumps are also provided with 14-inch 
hose connections on both suction and discharge chambers. 


FEED-WATER HEATER. 


The feed-water heater is of the Schutte & Koerting type, 
similar to the oil cooler. 


25 
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Data for Feed Heater. ; 


Number 
Capacity of water per hour (temperature range about 110 
degrees F.), pounds 
Length over all, feet and inches 
of shell, feet and inches 
Diameter of shell, feet and inches 
Number of tubes 
Diameter of outer tube, I.D., inches 
inner tube, O.D., inches 
Thickness, Stubbs, inches 
Length of outer tube, feet and inches 
inner tube, feet and inches 
Area of heating surface (film), square feet 
Total heating surface, square feet 


BOILERS. 


There are four boilers of the Thornycroft express type, oil- 
burning, two in each boiler compartment, each boiler having 
a separate smoke pipe. Each boiler has a single furnace. 


Particulars and Dimensions of Boilers (Each). 


250 
eee GO SI IIR oko cine cccccdeeecinntd scenes 375 
Steam pressure test applied, pounds...............2e.eceecees 300 
Combustion chamber, length, feet 8.7083 
width, feet 11.3437 
cubical contents, cubic feet 437 
Number of oil burners, each boiler 11 
Area through registers, square feet 10.56 
casing air doors, square feet 14.9 
1.41 
Height of pyrometers above floor, feet and inches 5-4 
Number of furnaces 1 
Heating surface (one boiler), area in square feet 
Total heating surface, all boilers, in square feet 19,200 
External height of boilers, feet and inches 10-0314 
width of boilers, feet and inches 14-07% 
length of boilers, feet and inches........ 12-074 
Tubes, outside diameter, inches 1% and1% 
thickness, B.W.G., No 10 and 11 


number to each boiler (152=1%%, 1905—=1%) 
longest, feet and inches 9-044 
shortest, feet and inches 
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Smoke pipes, height above grates, feet and inches 
true ellipse, feet and inches 
area of section, each, square feet 11 
Drum, upper, diameter, inside, inches 42 
thickness, top sheet, inch 00," 
lower sheet, inches 01;'; 
Upper drum heads are bumped to a radius of, inches 42 
thickness, inch 0034 
Lower drums, diameter, inside, inches....................0.- 19 
thickness, inch 00+; 


The oil-firing arrangements are the Schutte-Koerting patent 
system, an excellent description of which, with elevation and 
section drawings, will be found in “ Notes on the Burning of 
Liquid Fuel,” by Mr. Luther D. Lovekin, Chief Engineer of 
the New York Shipbuilding Company, in Volume XXIII, No. 
1, 1911, “ JouRNAL OF THE AMERICAN SociETY oF NAVAL 
ENGINEERS.” 


OIL-MEASURING TANKS—TRIAL—‘ M’CALI,” AND “ BURROWS.” 


The settling tanks were fitted with gage glasses and boards 


marked to indicate the amount of oil in each tank. On the 
trials oil was used from opposite sides in the two firerooms to 
avoid listing the ship. When using oil from one side the tank 
on the opposite side was filled. 


‘ 


TRIAL ‘* AMMEN,” 


Two steel tanks were located on the main deck between 
No. 2 and No. 3 smoke stacks. These tanks were fitted with 
a measuring tank of 100 gallons capacity in the top and a 
reservoir in the lower part, connected with a 4-inch quick- 
opening valve. A suction line led from the port tank to the 
fuel-oil service pumps in the forward boiler compartment, 
while the after pumps were supplied by the starboard tank. 
Counters were fitted to tally the number of times each measur- 
ing tank was dumped into its reservoir tank. 
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FORCED DRAFT. 


The forced draft is supplied by two Terry turbines in each 
fireroom, direct connected to Sturtevant fans, 36-inch diameter 
for the McCall and Burrows and 39-inch diameter for the 
Ammen, designed to run at 1,500 r.p.m. Each blower is pro- 
vided with a self-contained forced-lubrication system to each 
of its bearings. The blower shaft is vertical and its weight is 
taken by thrust ball bearings below the lower bearing, below 
which is a governor arranged to trip an emergency valve and 
prevent the turbine running away. This emergency valve 
can also be tripped by hand. Draft gages are fitted in each 
boiler compartment, to indicate the air pressure in inches of 
water. 

Tests of a fan unit representing those used on the M/cCal/ 
and Burrows were made and the results plotted on the curves 
shown on the accompanying chart. 


EVAPORATING AND DISTILLING PLANT. 


There are two Williamson Brothers evaporators, with a total 
heating surface of 150 square feet, located in the port after 
end of the engine room, and two Schutte & Koerting spirally- 
corrugated film-type distillers, located on the after engine- 
room bulkhead near the evaporators. 


Data for One Evaporator. 


Shell, inside diameter, feet and inches 

Height, feet and inches 

Number of tubes, U-shaped 

Diameter, O.D., inches 

INE I io ad a aed Wie dd o 0a pei esta oe eee ene 
Heating surface, square feet 

Shell, working pressure, pounds per square inch 

Coil, working pressure, pounds 

Capacity, gallons in 24 hours 
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Data for One Distiller. 


Se ee: OR, GA GA SR asin ov-s widv os oka ccikanveweedabwns 4-00 
i NI SO I io ore hc oh smd asin p pebdaneas ates 2-11% 

EROOt EE INS 55 oon noon tewide's 0 os'oe dong ccutevadeowsn 07 
Length of inner tube, feet and imches....<. ..i.cccccccccccscvccccce 3-02% 
NE Se, NN Ge EOI oan cise cc arkne dunes deeded 2-11% 

I I a hea sc enna cha vcee ce eaewasne oacenee 15 

PU GE I, TANI oig. 5 ore bss ao tek o 5-0 chs nebevesendciiest acne 1 
Creeper a ee: TE Ts i no is civ c vce sees ccctcosesees 033%4 
UN NE Te, SEE oss i obs baer rdedscraeeetavecans 032% 


Cooling surface, film, square feet 


All surfaces in contact with salt or fresh water are tinned. 
A four-hour test of the plant under service conditions gave 
the following average data: 


McCall. Burrows. Ammen. 
ne 2 ee ee ee oe eee Dec. 7,1910. Jan.6,1911. April 5, 1911. 
Steam pressure in boilers ........ 228 224 240.9 
| Pe 191.5 155.4 138.7 
eer 25.3 25.1 21.3 
- acai 2.26 3.2 
Average saturation. ...... 06600050 3/32 = 32 
Temperature, external air ........ 41.7 37 57 
engine room ........ 62.6 71.2 85.5 
SE satan avease 37.9 36 45 
circulating-water dis- 
yee ee 38 51.1 51 
distilled water from 
PS ery eee 66.5 70.9 92.1 
Gallons water distilled, 4 hours.... 360 365 401 
Equivalent, 24 hours.............. 2160 2190 2406 
Quality water, McCall.............. Fresh to 5 to 10 grains salt per gallon. 
MOIR S55 cue ocd ds aun ee snantiwisunwens Fresh to trace. 
Ma eS OOEs 0 Si abt OS Fresh—5 grains salt per gallon. 


WINDLASS AND CAPSTAN, 


The capstan is located on the forecastle with its engine 
secured immediately underneath on the watertight bulkhead 
at frame 12. It is a small vertical, double cylinder, steam 
engine, having cylinder of 4-inch diameter  4-inch stroke, 
built by the Hyde Windlass Company, Bath, Maine, and is 
controlled by a lever on deck. On trial the following data 
was observed : 
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McCall. Burrows. 
Number fathoms chain hove in 90 90 
Time, minutes and seconds 10:40 11:31 
Rate of heaving, fathoms per minute 8.25 7.8 


STEERING ENGINE. 


The steam-steering engine is located in the pilot house and 
is of the combined hand and steam type furnished by the 
Hyde Windlass Company, Bath, Maine. The steam cylinders 
are 54 inches diameter by 54 inches stroke. 

There are three steering stations. A combined hand and 
steam gear in the pilot house, a steam gear on the bridge, and 
a hand gear aft on the main deck. All the steering gear is 
above the main deck. Transmission from the engine to the 
quadrant is by a §-inch plough steel-wire rope, with $-inch 
chains at sheaves. The rope is led along the main-deck gun- 
wale through lignum-vitae guides spaced about ten feet apart. 
The rope ends aft in a sliding sheave through which the 14-inch 
chain from the quadrant leads, a single purchase being secured. 


The handwheel aft is connected to the leads by means of a 
turnbuckle fastened to a link of the chain. 

Direct hand steering, by emergency gear, consists of a 
relieving tackle connected to the quadrant. 

During the trials the gear was tested and results, as follows, 
obtained : 


; é McCall. Burrows Ammen 
Time to shift wheel on bridge, midship to hard-a-port, 


seconds 

Time to swing 360 degrees change of course, minutes 
and seconds 

Estimated diameter turning circle, yards 

Initial angle of heel, degrees 

Final angle of heel, degrees 

Time to shift wheel on bridge hard-a-port to hard-a- 
starboard, seconds 

Time to swing 360 degrees change of course, minutes 
and seconds 

Estimated diameter turning circle 

Initial angle of heel, degrees 

Final angle of heel, degrees 

Time to shift wheel on bridge hard-a-starboard to mid- ' 
ship, seconds 
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AUXILIARY CONDENSER. 


375 


There is an auxiliary condenser of the usual type, located in 
the starboard forward end of the engine room, worked by a 
Blake combined air and circulating pump. 
262 tubes, 3-inch O.D., 5 feet 11} inches long, giving a cooling 
surface of 250 square feet. 


The condenser has 


PUMPS AND AUXILIARY ENGINES. 


Auxiliary. 


Main air pumps......... coeqcossse 
Main circulating pump 


Main feed pumps............00+. 
Auxiliary feed pumps 
Engine-room fire and bige 
pumps. 
Fireroom fire 
pumps. 
Auxiliary condenser pumps. 


and bilge 


Distiller fresh-water pumps... 
Evaporator feed pumps j 
Lubricating-oil pumps......00- 
Oil-cooler circulating pumps. 
Bilge pump 

Fuel-oil pumps........... a 
Fuel-oil supply pumps ......... 
Hand pump for fuel-oil sys- 


tem. 
Forced-draft blower engines..' 


Fans (McCad/and Burrows).' ... 


Fans (Amsstest)...cccce cesses ssese 
Airc compressor, steam tor- 
pedo. 


Dynamo turbines (McCal/ 
and Burrows). 


Dynamo turbines (Ammen).. 





Steam cylinders. 


Type and make. 





| Blake, vertical, simplex, beam. 
|N. Y.S. Co., vertical, single- 
engine, centrifugal pump. 
2 | Blake, vert., simplex, piston. 
| Blake, vert., simplex, piston. 
1 | Blake, vert., simplex, piston. 
2 | Blake, vert., simplex, piston. 
I | Blake, horizontal, simplex, 
| combined air and circulating 
| Blake, vert., simplex, piston 
| Blake, vert., simplex, piston. 
Blake, vert., simplex, piston. 
| Blake, vert., simplex, piston 
| Blake, vert , simplex, piston. 
Blake, vert., duplex, piston. 
Blake, vert., simplex, piston. 
2 
pany, triplex. 
|Terry Steam Turbine Com- 
| pany, single stage. 
| 36-inch Sturtevant, 
diameter air inlet. 
r p.m. 1,500. 
inch (as above). 
— 20 cubic feet at 2, 
pounds; revs., 375; H.P., 
weight, 


4 


2g9#-inch 
Max. 


steam, 125; 


2,458 pounds. 
Curtis, turbo-generator, single- 
direct-connected, 5 
kw., 5,000 r.p.m., 125 volts. 
| Terry turbine with Dieh! gen- 
erator, single-stage, direct- 


stage, 


| 
| 
| 
| 
| 
| 4°; 
| 
| 
| 
| 
| 
| 
| 


connected, 5 kw., 


4,000 
r.p.m., 125 volts. 


Water cylinders. 








| Number. 


| American Steam Pump Com-| ... 





i | Diameter. 








| Diam. piston rod. 


s. 
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“nv 


~ 
ee 
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*Impeller: inlet, 18; outlet, 18. 


bd ‘y | Diam. piston rod. 
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PUMPS AND CONNECTIONS. 


Pumps. Ins. Suction pipes from— | Ins. | Discharge pipes to— Location. 








Main air | 20 | Condenser .....ccccocscecse sosseseee| Filter tank..............-«| Engine rooin 


Main circulating | 18 Sea and bilge | | Condenser........ss.sseee Engine room. 
| 
Main feed | 4t | Paes saat and reserve feed| 4 | Main feed.............«.. Engine room. 
| tank. 
4% | Air-pump channels .............| 


} 
Auxiliary feed.........| 44 | Feed suction line and reserve Auxiliary feed line...... One in each 
| | feed tank. — | engine room. 
14 | Hose connections | Hose connection ........ 


Engine-room fire| 4 | SOR ncerccccesee-e 
and bilge. | 4 | Drainage. oe 
14 | Hose connection -» Engine room. 
| Hose connection........ 





Pisemoemm. Gre aan Bh 1 Beiviccccccccivicsscesccccccccecenens Fire main One in each 
bilge. | 3b | Drainage ............cccccercoseeees| 3 | Overboard......00ccceeess  fireroom. 
| I$ | Hose connection Hose connection. . 








Evaporator feed | 14 | Sea. Evaporators Engine room. 
| 1} | Distilller circulating 
charge. 


Distiller fresh water. Rai e scccatcnsessenecscnsssccsenes | 1 | Reserve tanks...........| Engine room. 
1 |Ship’s tanks a 


. * | | | ° * 
Oil cooler, circulat- | DOU: . icsceemicnedl Seedatenninncaesénes | 3 | Oil cooler Engine room. 
ing. | 


Lubricating oil Lubricating-oil tank.....0....-++| 3 | Lubricating-oil supply | Engine room 


Fuel-oil service Settling tanks 14 | Burners....ceseeceeeeeeeeeee| TWO in each 
| fireroom. 


Storage tanks | 4 | Settling tanks One in each 
fireroom. 





Drainage manifold 14 | Overboard......00--+2++...| Under fore- 
Hose connection. | castle. 











ELECTRIC PLANT. 


On the McCall and Burrows there are two Curtis turbo 
generators, single stage, direct connected, of 5-kw. capacity, 
at 125 volts, when making designed speed of 5,000 r.p.m., 
located forward on port side of engine room. The Ammen 
has Terry turbines—Diehl generators. A 1-kw. motor genera- 
tor supplies current for the wireless-telegraph outfit. The 
switchboard is located near the generators, by which current 
is distributed to all parts of the vessel on the two-wire feeder 
system, and to an 18-inch searchlight located on a platform 
just above the bridge. 
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AIR-COMPRESSOR PLANT FOR TORPEDOES. 


There is one torpedo air compressor, compressing in four 
stages, that will compress 20 cubic feet of free air to 2,500 
pounds per square inch per minute, using steam at 125 pounds 
per square inch and making 375 r.p.m. There are ten navy- 
type accumulators with the necessary piping, gages, etc. An 
air line is taken into the firerooms and connections provided 
in engine room and firerooms with reducing valves for pneu- 
matic tools and for cleaning boilers. The fuel-oil service 
pumps may also be operated by compressed air. 


STEAM—HEATING SYSTEM. 


The steam-heating system is of the usual navy type, with 
radiators of bent-brass pipe. Steam for heating forward com- 
partments is taken off the auxiliary line in the forward boiler 
compartment, and that for the after heaters from the auxiliary 
line in after part of engine room. 


DRAINAGE. 


Bilge injection pipes and valves are fitted to both main cir- 
culating engines for removing large quantities of water from 
the engine compartment, while the ordinary leakage is removed 
by a line from the engine-room fire and bilge pump. Each of 
the fireroom fire and bilge pumps has a bilge suction for its 
own compartment only. There is no main or secondary drain 
as usually fitted. 

Drainage of the forward compartments is accomplished by 
means of a small steam pump directly connected to two com- 
partments and to others by means of a 14-inch hose connection. 

Drainage of the after compartments is entirely by means of 
hose connections to handy billy pump. 
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Drainage Scheme. 


Valve. Location Effect. 
2-inch angle stop valve......../ A-2 .L. Sluice A-1 
14-inch globe stop valve, hose 
connection 5 Berthdeck...P. Fill or drain A-2. 
1%-inch deck-plate hose con- 
nection ! Berthdeck... 
2-inch manifold valve f Berthdeck... 
2-inch manifold valve.........4 A-16 3erthdeck.. 
1%-inch deck-plate hose con- 
nection f Berthdeck... 
Berthdeck.. 
Berthdeck.. 
Berthdeck... 
Berthdeck... 
Berthdeck.. 
Berthdeck... 
Berthdeck... 


Drain A-3. 
Drain A-4. 
Drain A-5. 


Onn 


eee 


Drain A-7-M. 
Drain A-8-M. 
Drain A-9. 
Drain D-3. 
Drain D-4-M. 
Drain D-5-M. 
Drain D-6. 
Drain D-8. 


PRRNDNDWA 


1%-inch globe stop, hose con- 
nection 3erthdeck...S. Fill or drain D-9. 
Ree Sluice D-10. 


VENTILATION. 


Ventilation is by natural means in engine room and living 
space, 10-inch mushroom-type ventilators being provided for 
the living spaces, and a 40-inch cowl at the forward end of the 
engine-room hatch on the center line. The boiler spaces are 
sufficiently ventilated by the forced-draft blowers. 


PIPING. 


The main steam system comprises a 64-inch lead from each 
boiler, the lines from the forward boilers joining and forming 
a 9-inch line running aft on the port side; the lines from the 
after boilers, joining and going aft on the starboard side, pass 
through 9-inch engine-room bulkhead stops and join at the 
nest of maneuvering valves at the working platform. Branches 
are taken off in each fireroom to supply steam to forward deck 
machinery, auxiliary feed pumps, fire and bilge pumps, forced- 
draft blowers, oil-supply and service pumps, etc. 
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In the engine room a 4-inch line is taken off to supply 
dynamo engines, circulating engines, main air and feed pump, 
air compressor, fire and bilge pump and evaporators. A 
24-inch bleeder line leads from the main steam line to both 
condensers. All steam pipes, 2 inches in diameter and above, 
are of seamless-drawn steel, with rolled-steel flanges ; all below 
2 inches are of copper with composition flanges. 

The auxiliary exhaust line starts with a 2-inch pipe from 
the forward deck machinery and runs along the port side of 
the boiler compartments, picking up the exhaust from the 
various auxiliaries and increasing to 5 inches in the forward 
boiler compartment and 7 inches in the after boiler compart- 
ment, where a 6-inch line connects with the atmospheric 
exhaust. In the engine room the auxiliary exhaust forms a 
loop from port around to the starboard side, having a 6-inch 
connection to each main condenser, and a 34-inch connection 
to the L.P. turbines, and ends at the auxiliary condenser on 
the starboard side, forward end of engine room. 


WEIGHTS OF PROPELLING MACHINERY. 


The weight of the propelling machinery is as follows: 


McCall. Burrows. Ammen. 

Ibs. Ibs Ibs. 
Main engines, casings, rotors, etc 94,415 94,703 96,275 
Shafting (line and propeller), couplings 22,074 21,274 21,926 
Line and propeller shaft bearings 3,684 4,291 3,639 
Main condensers 34,827 35,749 34,311 
21,608 21,359 21,710 
Propellers 4,181 4,171 4,328 
Soilers 166,572 166,197 155,816 
Boiler fittings 52,796 42,303 46,505 
Smoke pipe, guys and uptakes................ 13,496 13,344 13,303 
Steam and exhaust pipes and valves 39,671 41,084 
Suction and discharge pipes and valves 21,867 24,878 
Lagging and clothing 10,241 18,541 
Flooring, gratings, etc 6,965 7,256 
Auxiliaries 22,991 22,916 
Fittings and gear 11,732 11,726 
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McCall. Burrows. 
lbs Ibs. 
Water 56,250 56,250 
Stores, tools and spare parts 9,298 9,298 
Miscellaneous machinery 46,674 46,628 
Connections under steam engineering to other 
miscellaneous machinery 1,676 1,672 


Total weight in pounds.............. 641,392 630,706 642,877 
‘FOCRl WEE Th 1008. oo. 6c icccevcss. 286.335 281.565 286.998 


REVERSING TESTS. 


With the helm amidships and the vessel making approxi- 
mately 294 knots, the engine telegraphs were thrown “ full 
speed astern,” and the following data obtained: 


Time from signal to dead in McCall. Burrows. Ammen. 


water, minutes and seconds. i: 
Engines began turning over 
astern, seconds 
Full speed astern, minutes 
and seconds 


The indicators were then thrown full speed ahead. 


Engines began turning over 
ahead, seconds 

Full speed ahead, minutes and 
seconds 


OFFICIAL TRIALS. 
STANDARDIZATION TRIAL, OF THE “ M’CALL,.” 


On September 6, 1910, standardization runs were made 
over the Delaware Breakwater measured course, near Lewes, 
Delaware. After several runs were made difficulty was had 
with the oil burners, and it was decided not to attempt the 


high-speed runs until some alterations were made. These 
were completed and a second set of runs made, beginning 
December 8, 1910. The weather was cool and pleasant with 


light haze on the horizon. Sea smooth and gentle breeze from 
W.S.W. The estimated displacement at the middle of the 
five high-speed runs was 721.7 tons. 
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STANDARDIZATION TRIAL OF THE “ BURROWS.” 


The Burrows was standardized over the Delaware Break- 
water course on January 7, 1911. Weather cloudy but pleas- 
ant, with gentle W.N.W. wind, breeze changing to light 
westerly airs. Sea smooth, with short S.E. swells. Estimated 
displacement at the middle of the five high-speed runs was 
727.5 tons. 

On the standardization runs of both of these vessels the 
same turbine combinations were used for corresponding speeds 
as used on the four-hour full-speed trial, the ten-hour 25-knot 
trial and the ten-hour 16-knot trial. The speed and revolution 
curves were constructed from the data obtained, and from 
these curves the following means of the revolutions of the 
three shafts for various speeds obtained: 


McCall. Burrows. Ammen. 


RES am Pen ee Sy ern Sp ae re oe Re Ry OR lee Oe 227.0 
Se A NS cS canat ear ree ae sw oie 367.5 371.5 375.5 
oa te core eGkwae. 2) Gulbis.) Canes 470.5 
I IN oo alo a ue ol aside Oo 611.0 616.0 615.5 
Ra re ere ey Pr rae, eR 694.0 
Se RS SOME, Scere vedaww kee ses 763.5 775.0 779.0 


STANDARDIZATION TRIAL OF THE “ AM MEN.” 


The propellers of the Ammen were standardized on the 
measured-mile course at the Delaware Breakwater, April 6, 
1911. Twenty-six runs were made over the course. Five 
runs were made at the highest speed and three runs each at 
speeds of approximately 12, 16, 20, 224, 25, 274 and 294 
knots. During these runs the weather was pleasant, with 
light to moderate breezes. The mean displacement during 
the high-speed runs was 739.7 tons. 


FUEL OIL. 


The fuel oil used on these trials was a paraffine-base oil, 
which on analysis gave the following results : 
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McCall. Burrows. Ammen. 

Specific gravity at 45 degrees F........  ..... .9002 .9005 

50 degrees F........ Pp eee .8965 

55 degrees F........ . 8882 8975 . 8950 

60 degrees F........ 8865 8958 .8935 

CRUE Fekcsics: vet peee. Shia 

i a A oe ad aS ae 8900 

78 demroes F o..655 .- COOP 2?" Sitar OF ea 

TS GREETS caecceit 28S te. Pe. Aven 

Oh Geet Fin eskcc! as5te Se. Oo css 
McCall. Burrows. Ammen. 

Pe I ad cin Pad deee saees chdacrKes 300 273 288 

eS ne rae dee ty re ree ym Ae Ree 320 aa 
Water and sediment, per cent.......... under ‘: 0.9 0.5 
PE aS wa Foe ce Ths de arabe saeeheeavbeasne Slightly acid. Neutral. 

ae: WP OI or i ev etches cecne aes 19,618 19,598 19,503 
i errr err er 5. 7 0.0 

Ultimate analysis, Sulphur, per cent......... 0.25 34 .28 

Hydrogen, per cent....... 12.96 12.52 12.84 

Carbon, per cent.......... 86.63 86.91 86.52 

“ M’CALL”’ STANDARDIZATION. 

> St’b’d shaft. Center shaft. Port shaft. Mean. Total Speed 
Ran, R-P-m. oP. Rpm. 6.5.P. Rom SEP Ram saP; oO™ 
2 389.94 549 320.66 214 389.46 541 366.69 1,304 16.740 
3. 403.26 590 327.86 215 401.57 559 377.56 1,374 15.437 
4+ 390.81 530 321.71 266 392.46 556 368.33 1,352 17.170 
5 602.22 2,177 515.33 1,153 545.05 1,311 554.20 4,641 21.960 
6 598.54 2,148 511.31 1,144 537.48 1,321 549.11 4,613 24.374 
7 602.69 2,278 517.03 1,164 546.23 1,343 555.32 4,785 21.965 
8 666.02 3,010 576.84 1,747 598.90 1,856 613.92 6,613 26.403 
9 694.65 3,287 597.16 1,890 625.27 2,072 639.03 7,249 24.913 
10 695.13 3,326 595.76 1,886 621.01 2,074 637.30 7,286 26.779 
11 707.26 2,970 689.85 3,407 717.05 3,180 704.72 9,557 27.231 
12 710.26 3,021 696.72 3,473 717.39 3,239 706.46 9,733 28.620 
13. 709.3% 3,017 690.83 3,431 720.92 3,159 707.03 9,607 27.537 
14 820.90 4,036 772.83 4,534 830.76 4,306 808.13 12,876 31.021 
15 822.02 4,042 771.80 4,486 833.82 4,255 809.21 12,783 30.341 
16 =820.33 4,034 770.33 4,520 828.23 4,156 806.30 12,710 30.796 
17 870.80 4,444 814.69 5,046 879.38 4,722 854.96 14,212 * 30.534 
18 869.97 4,439 814.41 5,044 882.63 4,717 855.67 14,200 33.088 
19 872.94 4,477 819.13 5,130 887.08 4,788 859.72 14,395 30.547 
20 874.69 4,486 821.99 5,148 893.54 4,706 863.41 14,340 33.447 
21 873.67 4,458 821.40 5,155 891.36 4,906 862.14 14,519 30.521 


N.B.—Run No. 1 
graph. 
2 


- 


6 
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was thrown out on account of trouble with the chrono- 











































No. 
of 


1 


NO or w WO 


— et ee — ket 
aou rk OH e SC CO @W 


Pow 
€ 29" 


_ 


omOnroaanrt WwW W 


_ 
o 


386 


Run. 
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St’b’d shaft. 
S.H.P 


-p.m. 


*“ BURROWS” STANDARDIZATION. 


Center shaft. 


-P.m. 


Chronograph stopped. 


294 23 
294.88 
292.45 
393.63 
390.55 
386.50 
491.12 
500.41 
498.17 
593.16 
589.67 
587.61 
667.33 
680.49 
679.30 
702.53 
697.70 
704.32 


231 
231 
222 
543 
539 
512 
1,148 
1,205 
1,187 
2,071 
2,043 
2,019 
3,116 
3,113 
3,125 
3,004 
2,964 
3,012 


231.50 
232.23 
231.72 
321.03 
321.31 
318.05 
418.56 
419.76 
420.24 
501.65 
499.68 
498.07 
588.32 
594.38 
592.67 
674.20 
670.37 


674.55 


S.H.P. 


63 
57 

63 
193 
193 
191 
594 
574. 
586 
1,040 
1,036 
1,033 
1,863 
1,914 
1,893 
3,165 
3,147 
3,167 


Port shaft. 
R.p.m. $.H.P. 
291.00 226 
291.62 235 
289.56 225 
390.50 524 
386.63 519 
381.31 501 
441.46 652 
452.23 692 
450.55 689 
533.34 1,145 
528.57 1,135 
527.76 1,119 
621.58 2,018 
626.50 2,034 
624.60 2,045 
712.43 3,097 
710.16 3,106 
713.65 3,141 


Emergency valve closed partially and 
Observers could not see signals. 


810.84 
806.22 
812.48 
875.01 
881.56 
873.14 
881.43 
879.44 


St’b’d shaft. 
R.p.m. S.H.P. 


318.09 
327.33 
394.77 
402.37 
402.48 
404.30 
494.86 
497.92 
493.05 
599.57 


4,060 
4,037 
4,090 
4,736 
4,772 
4,750 
4,795 
4,808 


259 
266 
273 
535 
535 
537 
1,087 
1,080 
1,069 
2,097 


759.89 
757.45 
761.19 
815.37 
820.25 
813.72 
820.50 
819.56 


4,418 
4,404 
4,425 
5,163 
5,149 
5,108 
5,173 
5,190 


825.87 
824.97 
829.35 
891.25 
894.88 
889.06 
896.03 
895.04 


Mean. 
-p.m, 


272.24 
272.91 
271.24 
368.39 
366.16 
361.95 
451.05 
457.47 
456.32 
542.72 
539.31 
537.81 
629.08 
633.79 
632.19 
696.39 
692.74 
697.51 


shut off steam. 


4,211 
4,206 
4,206 
4,831 
4,731 
4,772 
4,809 
4,804 


798.87 
796.21 
801.01 
860.54 
865.56 
858.64 
865.99 
864.68 


AMMEN” STANDARDIZATION. 


Center shaft. 


R.p.m. 

255.75 
261.22 
258.08 
335.42 
338.06 
336.69 
413.48 
416.34 
412.92 
504.87 


112 
114 
113 
276 
278 
267 
498 
502 
498 
1,023 


Port shaft. 
R.p.m. S.H.P 
311.30 271 
320.18 279 
315.62 292 
390.44 531 
399.19 554 
397.99 552 
488.56 1,050 
489.74 1,052 
488.60 1,050 
540.44 1,367 


Mean. 
R.p.m. 


295.05 
302.91 
299.48 
376.08 
379.91 
379.66 
465.63 
468.00 
464.85 
548.29 


Total 


S.H.P. 


520 
523 
510 

1,260 

1,251 

1,204 

2,394 

2,471 

2,462 

4,256 

4,214 

4,171 

6,997 

7,061 

7,063 

9,266 

9,217 

9,320 


12,689 
12,647 
12,721 
14,730 
14,652 
14,630 
14,777 
14,802 


Total 


S.H.P. 


659 

678 
1,342 
1,367 
1,356 
2,635 
2,634 
2,617 
4,487 





























Speed. 


10.980 
13.096 
10.692 
17.405 
14.252 
17.044 
17.939 
20.674 
18.432 
23.524 
21.710 
23.236 
24.645 
26.233 
24.846 
28.151 
26.659 
27.926 


29.185 
31.034 
28.987 
32.794 
30.346 
32.744 
30.270 
33.084 


Speed. 


10.908 
14.975 
11.323 
17.531 
14.944 
17.246 
18.852 
20,601 
19.355 
22.154 























DESCRIPTION AND TRIALS, U. S. T. B. DESTROYERS. 


387 
> a shaft. Center shaft. Port shaft. Mean Total Setad 
Run ®-P-m S.H.P. R.p.m. S.H.P. R.p.m. S.H.P. Rp.m.  S.H.P. Ped. 
11 600.95 2.167 504.85 1,023 539.36 1,364 548.39 4,554 23.543 
12 605.22 2,182 507.78 1,057 543.82 1,361 552.27 4,600 22.336 
13 679.60 3,114 583.92 1,696 609.74 2,023 624.42 6,831 26.019 
14 683.16 3,223 585.04 1,795 613.62 2,052 627.27 7,070 24.407 
15 680.25 3,190 584.60 1,762 611.39 2,028 625.41 6,980 26.451 
16 720.54 3,203 689.61 3,287 728.47 3,447 712.87 9,937 26.744 
17 (723.51 3,197 690.06 3,252 728.66 3,428 713.91 9,877 29.377 
18 715.63 3,162 686.64 3,198 724.23 3,427 708.83 9,787 26.461 
19 801.70 3,934 746.68 4,050 804.81 4,268 784.40 12,252 30.981 
20 797.85 3,915 745.72 4,045 808.54 4,288 784.04 12,248 28.206 
21 793.99 3,856 745.73 4,045 806.27 4,300 781.83 12,201 30.946 
22 890.47 4,804 828.18 4,991 889.19 5,175 869.28 14,970 30.117 
23 887.36 4,835 825.21 5,019 885.69 5,154 866.09 15,008 32.871 
24 886.66 4,928 824.52 5,014 886.17 5,157 865.78 15,099 29.915 
25 899.25 4,998 834.71 5,031 883.13 5,198 875.70 15,227 33.349 
26 899.74 5,098 838.16 5,143 899.84 5,335 872.25 15,575 30.293 


FOUR—HOUR FULL-SPEED TRIALS. 
“ wi’ CALL.” 


The four-hour full-speed trial was begun at 9:10 A. M., 
December 9, 1910, the vessel then being about two miles 
E. by S. (mag.) from Five Fathoms Bank Lightship. The 
course out for two hours was E. by S. (mag.), weather fair, 
cool and pleasant, with moderate N.W. by N. breeze. Sea 
smooth with short chop. At 11:00 A. M. the ship was turned 
and headed back on course W.N.W. (mag.), but the breeze 
having freshened to fresh breeze with moderate, short, choppy 
sea, the high speed caused a heavy spray to be thrown com- 
pletely over the deck with great force, making the recording 
of data very difficult. The ship was eased off until at 11:39 
A. M. she was on course S.S.W. (mag.), and the trial was 
finished on that course at 1:10 P. M. with Cape Henlopen 
Light bearing about N.N.W. (mag.), distant about 98 miles. 
The mean displacement during this trial was 738 tons (es- 
timated). 
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** BURROWS.” 


The four-hour full-speed trial was commenced at 9:55 
A. M., January 8, 1911, Fenwick Island Lightship bearing 
N. by W. (mag.), distant about 7 miles. The course for the 
first two hours was E. by S. (mag.), and at 11:55 A. M. the 
ship was turned and the trial was completed on course N.W. 
by W. (mag.) at 1:55 P. M. Weather was fair, cool and 
pleasant, with gentle S.S.E. breeze, increasing to moderate to 
fresh breeze after the first hour. Sea was smooth with long, 
low swell from the Southeastward. Estimated displacement 
at the middle of the trial was 720.5 tons. 

During the full-speed trials the following auxiliaries were 
in operation : 

McCall. Burrows. 


Main air pumps 2 
Main circulating pumps 

Main feed pumps 

Fire and bilge pump (sanitary) 
Fire and bilge pump (engine room) 


tw) 


out half time. 
Forced-lubrication pumps 1 
Oil-tuel pumps 

Oil-tank pumps (occasionally) 
Forced-draft blowers 
Dynamo 

Steering engine 

Feed heater 

Steam heating and galley 
3oilers in use 


2 
1 
1 
b 
2 
2 
2 
4 
1 
1 
1 


3urners in use, A 


PERFORMANCE FOUR—HOUR FULL-SPEED TRIALS. 


Average steam pressures: McCall. Burrows. 
At boiler gage, pounds...........e-eeeeeeeeeeees 249.0 263.0 
Engine room, main steam, gage, pounds 238.0 241.0 
Auxiliary steam, gage, pounds 249.0 249.0 
Auxiliary exhaust, gage, pounds 9.2 11.8 
On glands, gage, pounds 1.03 
Main H.P. turbine, absolute, pounds 
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McCall. Burrows. 
H.P. cruising turbine, absolute, pounds Idle. 
I.P. cruising turbine, absolute, pounds ; Idle. 
L.P. turbine, starboard, absolute, pounds if 43. 
port, absolute, pounds of 41. 
Pressure in lubricating-oil system, pounds .8! 9. 
Vacuum in condenser, starboard, inches of mercury : 28. 
port, inches of mercury.... : 28. 
Air pressure in fireroom, forward, inches of water § 4. 
aft, inches of water... 5. $. 
Pressure fuel oil, gage, pounds 
Barometer 30. 29. 
Revolutions, or double strokes, per minute: 
Shaft No. 1, starboard 
2, center 
3, port 
Average 
Pumps, main air, starboard 
port 
main circulating, starboard 


839. 
774. 
856. 
823. 
23. 
23. 


main feed, starboard 
port 
forced lubrication 
oil-cooler circulating 
fire and bilge, engine room 
fire room 
fuel-oil service, starboard 


Forced-draft blowers, average 
Dynamos, ampéres 


MPOMmWBRIONSWYORNWHOOSDO 


Shaft horsepower: 
Shaft No.1, starboard 
2, center 
3, port 
Ec oo. cra donk ie da eae aa bea Ned & Oh ete eee eee 13,072. 
From standardization curve at revolution corre- 
sponding to trial speed 
Indicated horsepower, auxiliaries 
Collective horsepower, main engines and auxiliaries 
Speed of ship, knots 
Slip of propeller, in per cent. of its own speed, based 
on mean pitch: 
Shaft No.1, starboard 
2, center 


Mean 
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Temperatures, degrees Fahrenheit: McCall. Burrows. 
EE ee eae ete pee ; 50.9 46.5 
Discharge, starboard 93.1 85 

90.6 84 

Air-pump discharge, starboard nae 85 
84 

Feed water, to heaters 84 

from heaters 

Outside air ene 47 
Engine room working level............ peniaeawen : 75 
Fireroom working level, forward : 89 
86 

Main steam : 400. 
Smoke-pipe gases ; 940. 
Lubricating oil from cooler sents 91 
Fuel oil to burners ‘ 222. 

Consumption, water: 

Pounds per hour, all machinery 185,647.0 187,679.5 
per S.H.P. main engines 14.202 14.1602 
per H.P., all machinery ee 13.7252 
Contract requirement. : 15.5 
Actual consumption less than contract require- 


NYNSOSCOWNSODRODOOH 


1.34 
Fuel oil: 
Pounds per hour 15,080.9  14,507.4 
Knots per ton (2240) 4.55 4.736 


Deduced Data. 


Square feet of heating surface per S.H.P 1.449 
Pounds fuel oil per S.H.P. per hour 1.095 
H.P. per hour rere 1.061 
Cooling surface (main condenser) square feet per 
S.H.P. -735 . 7249 
Heating surface used during trial, square feet 19,200. 19,200.0 
Pounds water evaporated per pound oil 12.31 12.937 


TWELVE-HOUR TRIALS AT TWENTY-FIVE KNOTS. 
“ w’CALL.” 


The twelve-hour twenty-five-knot trial of the McCall was 
begun at 7:50 A. M., December 10, 1910, the vessel then 
being about 500 yards S.W. (mag.) from Five Fathom Bank 
Lightship. The course was E.N.E. (mag.); weather clear, 
cold and pleasant, wind increasing to fresh breeze from N. by 
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EF. and short, moderate sea, sky becoming overcast and cloudy 
about 11:00 A. M., with light snow squall. Wind and sea 
moderated, and from 2:00 P. M. to end of trial there was 


smooth sea and calm to light N.W. airs. The trial ended at 
7:50 P. M. 


Draught at beginning of run, forward, feet and inches 
aft, feet and inches 
end of run, forward, feet and inches 
aft, feet and inches 
Estimated displacement at middle of 12-hour 25-knot trial.... 731 tons. 


** BURROWS.” 


The Department having authorized the change from twelve 
hours to ten hours for the fuel-oil and water-consumption trial 
at twenty-five knots, the Burrows was run on that schedule and 
began her trial on January 10, 1911, at 8:30 A. M., the trial 
ending at 6:30 P. M. of the same day. The weather was 
clear, cool and pleasant, with fresh N.W. breeze and short, 
moderate sea from same direction, the wind moderating to 


calm to light westerly airs at end of the run, the sea going 
down with the wind. 


Draught at beginning of run, forward, feet and inches 
aft, feet and inches 
end of run, forward, feet and inches 
aft, feet and inches 
Estimated displacement at middle of 10-hour 25-knot trial 


PERFORMANCE, TWENTY-FIVE-KNOT TRIALS. 


McCall. Burrows. 
Duration of the trial, hours 10.0 
Average steam pressures: 
At boiler, gage, pounds , 260.0 
Engine room, main steam, gage, pounds : 248.2 
Auxiliary steam, gage, pounds ‘ 249.0 
exhaust, gage, pounds 3 8.3 
On glands, gage, pounds . 1.0 
Main H.P. turbine, absolute, pounds : 105.0 
H.P. cruising turbine, absolute, pounds ; Idle. 
I.P. cruising turbine, absolute, pounds ° 242.9 
L.P. turbine, starboard, absolute, pounds : 20.9 
port, absolute, pounds ; 21.1 
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McCall. Burrows. 
Pressure in lubricating-oil system, pounds : 95 
Vacuum in condenser, starboard, inches of mercury. 9.2 
port, inches of mercury ‘ 1 
Air pressure in fireroom, forward, inches of water.. 3.5! .06 
aft, inches of water 3.8 25 
Pressure fuel-oil gage, pounds 
Barometer 30.: 30.284 
Revolutions, or double strokes per minute: 
Shaft No. 1, starboard 
No. 2, center 
No. 3, port 
Average 
Pumps, main air, starboard 
port 
circulating, starboard 


SCooMmSOSOSCSO 


feed, starboard 31. 


SCUhSOSOwWwWwWOHE 


forced-lubrication 32. 

oil-cooler circulating 58. 

Pumps, fire and bilge, engine room 27. 

fireroom 52 

36. 

port 52 

Forced-draft blowers, average oo. 1,185 

Dynamos, ampéres 23 

Shaft horsepower: 

ee NE AE ne eT POE Pe 3,018 

No. 2, center 


From standardization curve at revolutions corre- 
sponding to trial speed 
Indicated horsepower, estimated, auxiliaries 
Collective horsepower, main engines and auxiliaries. 
Speed of ship, knots 
Slip of propeller, in per cent. of its own speed, based 
on mean pitch: 
Shaft No. 1, starboard 
No. 2, center 
No. 3, port 


Temperatures, degrees Fahrenheit : 
Injection 
Discharge, starboard 
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McCall. Burrows. 
Air-pump discharge, starboard ee 68.9 


port iene 68.9 
Feed water, to heaters ; 9 
3 


from heaters 
Outside air 
Engine room working level 
Fireroom working level, forward 


Main steam 
Smoke-pipe gases 
Lubricating oil from cooler 
Fuel oil to burners 
Consumption water: 
Pounds per hour, all machinery 104,316.6 108,954.8 
per S.H.P. main engines 14.705 14.7097 
H.P., all machinery ee 14.181 
contract requirement 16.75 16.75 
Actual consumption less than contract requirement: 
Fuel oil, pounds per hour 8,131.2 8,790.5 
knots per ton (2,240) 6.487 


Deduced Data. 
McCall. Burrows. 


Square feet of heating surface, per S.H. 2.031 2.592 
Pounds fuel oil per S.H.P. per hour, all machinery. . 1.147 1.187 
H.P. per hour a 1.144 
Cooling surface (main condenser), square feet per 
S.H.P. 1.297 
Heating surface used during trial, square feet 14,400. 19,200. 
Pounds water evaporated per pound oil, square feet. 12.829 12.395 


Auxiliaries in Use. 
McCall. Burrows. 
Main air pumps 2 2 
circulating pumps 
feed pumps 
Forced-lubrication pump 
Oil-cooler circulating pump 
Fire and bilge pump, flushing 
engine room 
Fuel-oil service pumps 
supply pumps 
Dynamo 
Feed heater 
Forced-draft blowers 
Steering engine 
Heating system 
Boilers in use 


+ Om mw 2D Se eS ee DD 
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Burners in use: McCall. Burrows. 
Boiler 


TWELVE-HOUR TRIALS AT SIXTEEN KNOTS. 
 WCALL.” 


The twelve-hour sixteen-knot trial of the McCall was begun 
at 8:05 A. M., December 11, 1910, and ended at 8:05 P. M. 
of the same day. The course was between Overfalls Light- 
ship to Five Fathoms Bank Lightship, and back and forth to 
Fourteen Foot Bank. The weather was overcast, cloudy, 
cold and misty, with frequent snow squalls, fresh N. to N.E. 
breezes, sea smooth with short chop. 


Draught at beginning of run, forward, feet and inches 
aft, feet and inches 
Draught at end of run, forward, feet and inches 
aft, feet and inches 
Estimated displacement at middle of 12-hour 16-knot trial.... 738.61 tons. 


“ BURROWS.” 


The duration of the Burrows sixteen-knot trial having been 
changed from twelve to ten hours, it was begun at 8: 35 A. M., 
January 9, 1911, and ended at 6:35 P. M. the same day. The 
course was back and forth between Overfalls Lightship and 
Fourteen Foot Bank Light. Weather was clear, cool and 
pleasant, fresh N.W. by N. breeze, which freshened to mod- 
erate gale at 11:30 A. M., with short, choppy sea. 


Draught at beginning of run, forward, feet and inches 
aft, feet and inches 
Draught at end of run, forward, feet and inches 
aft, feet and inches 
Estimated displacement at middle of 10-hour 16-knot trial....735.2 tons. 
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PERFORMANCE, SIXTEEN-—KNOT TRIAL. 


McCall. Burrows. 
Duration of trial, hours : 10.0 
Average steam pressure at boiler, gage, pounds , 254.0 
Engine room main steam gage, pounds : 229.0 
Auxiliary steam gage, pounds ’ 234.0 
exhaust, gage, pounds F 7.3 
On glands, gage, pounds : 4. 
Main H.P. turbine, absolute, pounds iw 26. 
H.P. cruising turbine, absolute, pounds " 196. 
I.P. cruising turbine, absolute, pounds = 75. 
L.P. turbine, starboard, absolute, pounds 4 Ti; 
port, absolute, pounds : 7. 
Pressure in lubricating-oil system, pounds : 73 
Vacuum in condenser, starboard, inches of mercury. y 29. 
port, inches of mercury : 28. 
Air pressure in fireroom, forward, inches of water.. 
aft, inches of water 
Pressure, fuel oil, gage, pounds 
Barometer 
Revolutions, or double strokes, per minute: 
Shaft No. 1, starboard 
No. 2, center 
No. 3, port 
Average 
Pumps, main air, starboard 
port 
circulating, starboard 


_ 
~ 


0 
.0 
3.0 
0 
0 
.0 
6 
5 


feed, starboard 
port 
forced-lubrication 
oil-cooler circulating 
fire and bilge, engine room 
fireroom 
fuel-oil service, starboard 


Forced-draft blowers, average 
Dynamos, ampéres 
Shaft horsepower: 
Shaft No. 1, starboard 
No. 2, center 
No. 3, port 
Total 
From standardization curve at revolutions correspond- 
ing to trial speed 1,350 
Indicated horsepower, estimated, auxiliaries... 
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McCall. Burrows. 
Collective horsepower, main engines and auxiliaries. ita 1,577 
Speed of ship, knots 15.97 16.031 
Slip of propeller, in per cent. of its own speed, based 
on mean pitch: 
Shaft No. 1, starboard 
No. 2, center 
No. 3, port 


— 
or 


_ 
a9 e 


nN oO = 
oo 0 


2 


Temperatures, degrees Fahrenheit: 
Injection 
Discharge, starboard 


© © Oh & @ 


iT) 
— 


Outside air 
Engine room working level 
Fireroom working level, forward 


Main steam 

Smoke-pipe gases 

Lubricating oil from cooler 

Fuel oil to burners 
Consumption, water: 

Pounds per hour, all machinery 

per S.H.P. main engines 

H.P., all machinery 

Contract requirements 

Actual consumption less than contract requirements 3.289 
Fuel oil: 

Pounds per hour 2,614.5 

Knots per ton (2,240) 


Deduced Data. 


Square feet of heating surface per S.H.P 
Pounds fuel oil per S.H.P. per hour 
H.P. per hour, all machinery. . 
Cooling surface (main condenser), square feet, per 
S.H.P. 6.297 
Heating surface used during trial, square feet 4,800 
Pounds water evaporated per pound oil 


Auxiliaries in Use. 


Main air pumps 
circulating pumps 
feed pumps 
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McCall. Burrows. 
Forced-lubrication pumps 
Oil-cooling circulating pumps 
Fire and bilge pumps, flushing 
engine room 
Fuel-oil service pumps 
supply pumps 


| 
i tl ell a a 


Forced-draft blower 
Steering engine As required, 
Heating system Yes. Yes. 
Boilers in us 1 
Burners, boiler 


6.6 


“ 


TRIALS OF THE 


The trials of the Ammen consisted of the standardization 
trials above noted, and a series of 4-hour runs in the open sea 
at speeds of approximately 12, 16, 20, 254, 274 knots, and 
the highest speed attainable. During these runs the conditions 
were as nearly as practicable the same as on the standardiza- 
tion trials at corresponding speeds. 


DATA FOR FOUR-HOUR RUNS. 
Apr. 1o,| Apr. 12, bee. ¢ 11, A r. 10, Apr. 11, 
{| Py M.’| AM.’ | PM.’ | P.M. | ‘Al M. | Apr. 7 
Displacement, mean, on trial,tonS | 747.5 737-7 737-4 730. ~ 738 735-9 
Speed of ship, i in knots per hour.....| | 11. 835 15.898 19 795 25.541 27.659 48 
State of sea. eocsense ..\long swell short chop|short chop|long swell|long swell long oe 
Revolutions of main “shafts = : 
Starboard 395 494 694 708 842 
Center . 322 4°7 582 679 782 
Port. - . 396 621 712 844 
Mean revolutions... 371 465 632 | Joo 823 
Ss propellers, in per cent. of | | 
er 7 
a eccccee coveee cocees coneee ‘ 15.61 of | 22.84 | 18.09 | 24.27 
Center. coe . (—) 3.52 j 7-99 14.59 18.27 
Port .. eos , 15.83 | 03-97 18 55 24.45 
BES Dh ccccecees ccc00e coscen csccee esoves ‘ 9-31 . 14.87 | 17.04 22.33 
Steam pressures : 
Boilers, gage . 240 252.1 | 250.1 
Main steam pipe at throttle......... . 239-3 2 252 d 246.7 
Auxiliary steam pipe es0s 237-6 A 252 248.7 
exhaust.. | . 9-09 12.34 . 10 
On glands... - e +32 < 2 J | 49 
Main H.P. steam ‘chest... m 20 i 85 
H.P. cruising steam chest.......... % 155.4 “ Idle. 
1.P cruising steam chest . 65.8 | 250 
L.P. turbine chest, starboard . 8 5 21.2 
; 9 | ‘98.2 
Pressure in lubrication system....... 66 * 6.5 
Vacuum in condenser, starboard... 29 m 29.1 
. 29 | . 29.1 
Air press. in firerooms, ins.wat ¥ 4-43 3 +4 
Barometer 


Date and time of trial 
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DATA FOR FOUR-HOUR RUNS—Continued. 





Auxiliaries : 
Revolutions or double strokes : | 
Main air pumps, starboard......| 22 20 22 
ort.. o ooo soo 20 | 22 
circ. pumps, starboard... | 295 325 260 
| 2975 286.3 266 
feed pumps, fo forward - - 11.88 2 17.2 
os on one on 12.3 
oe oa 35-3 
7 16.31 24.1 18 
Forced- ntatenten pumps........ Y 37. 19 46.8 43-1 
Fire and bilge pumps.... “ co | om 25 
Forced-draft blowers.. o-| 2 I 244. 4 1,024 1,098 
Dynamo watts........ a 3,552 3,540 3,864 
Number of boilers in use ... I I 2 3 
Average number of burners it in | use, 
each boi 5 | 8.34 5.65 9-03 J 
Pressure of oil to burners.........-s+0- . 136.8 117 104.55 ? 128.4 
Temperatures, Fahrenheit : | 
Fuel oil to burners soso 218.9 | 215.3 220.85 _ 45 221.75 
Injection............ = | 42.5 47-1 42-7 
Discharge ee a | 57- 8 60.5 d 40. 25 81.55 
ingen oe oso 62. 85.75 
eed. ° 72. 3 85.3 s 79.6 162.7 
Outside air... ‘. J 46.1 44.2 45-5 51.1 
Engine- room “working Tevel.. - 73-5 | 4 71.4 77-4 
Fireroom working level . 80.3 80 80.7 83.75 
Horsepower, main ey: 
Starboard .... es es 559 1,104 3,201 4,450 
Center.. a 194 368 3,108 4,649 
Port .... oa 709 1,301 2, 3,432 4,902 
DOOR, cccccscce csdeosvtocesece cesses ensoamesl 1,462 2,773 7.453 95740 14,001 
Water : 
Pounds per hour, all machinery...) 19,438.15 | 32,870 47,791.74 102,510.24 |145,932-6 (195,224 
Pounds per hour per H.P. of | 
main shafts, all machinery....... 29.97 | 22.483 17-235 13-754 14.982 13.944 
Fuel oil ; 
Analysis and heating power | Ultimate analysis, C. 86.52; H.12.84; S.o 28; B.T.U.’s 19,503 
Pounds per hour, all purposes....| 1,844 3,013 4,306 
knot run «| 155.8 189.5 220.6 
Knots per ton e 11.82 10.16 
Deduced data ; 
Sq. ft. of heat. surface per S.H. P.| 7-4°74 3-283 3.462 1.9321 | 1.971 
Pounds fueloil perS.H.P.pr.hr.| 2.846 2.061 1.574 1.222 | 1.323 
burner pr. hr. | 369. 360.8 386.4 3359 | 366.1 370.1 
Pounds of water evaporated per | | 
pound of fuel oil -" 10. 9-31 10.946 11.260 | 11.323 
Cooling surface (main yecpoemtate 
per S.H.P.... consents 6.572 3.4648 1.2891 986 .6862 
Auxiliaries in operation : | 
Main air pumps 1 
circulating pumps. | 2 
I 
I 


11.989 


feed pumps 
Forced-lubrication pump - | 
Fire and bilge pumps..... - 2 | Vv 2 
pe § . 1occa- | 1occa- | 1 occa- Very 
Auxiliary-feed pumps. -- 4 | Not used.) Seldom. sionally. | sionally. | sionally. | little. 
1 {| nocca- | 1 very 
Oil-tank PUMPS .....0. 00000 see eeeeee sionally. little. | I I 1 1 
P : I occa- 
Oil-service pumps j sionally. 2 . 2 


Forced-draft blowers 2 | 3 4 4 
ool I 1 1 





I } 
Steering engine - As required. 
Feed heaters --| Not used., Not used., Not used. | Not mee oy I 
} : er- Moder- saat ll er- ‘ 
Steam heaters Very little. ately. ately. Very little} ately. Very little 
As sapuived. 


Steam to galley... 


POST TRIAL EXAMINATION. 


After the trials the following machinery parts were 
up, disassembled and examined: 
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McCall. Burrows. Ammen. 
Boilers 
Turbine casings 
Main air pump 


Auxiliary feed pump 
Oil-service pump 

Main circulating engine 
Thrust bearings 
Blower engine 
Condensers 

Feed heaters 


On the McCall it was found that the boiler zincs required 
renewal. The tips of casing blades showed rubbing on rotor 
drums, but none of the blades were bent. ‘Three blades were 
broken loose from the brazing to binding strip on one L.P. 
rotor. The balance of the machinery was found to be in 
excellent condition. 

A few rotor blades were found not properly soldered to the 
binding strips on the Burrows, and there were slight leaks in 
the safety valves, the balance of the machinery being in 
excellent condition. 

On the Ammen a few fire brick were found to be cracked, 
and a few of the steam-gland rings on the I.P. cruising-rotor 
spindle and cap were found damaged. Feed-water heater was 
found leaking, due to nuts holding corrugated tubes having 
worked loose. Balance of machinery was found in excellent 
condition. 

Throughout the trials the fuel-oil-burning apparatus worked 
satisfactorily and the smoke was never excessive, varying in 
color from a light grey to moderate dark and seemed well 
under the control of the operators. The high-speed fan sys- 
tem for forced draft caused a rush-of-air noise that could be 
heard at a considerable distance, and under favorable wind 
and weather conditions might be audible for some miles. 
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U. S. TORPEDO-BOAT DESTROYER TZ7RIPPE. 


By CoMMANDER U. T. Houmes, U. S. Navy. 


CONTRACT TRIALS. 


The John Trippe is one of the five torpedo-boat destroyers 
authorized by Act of Congress approved March 3, 1909. The 
contract for her construction was entered into with the Bath 
Iron Works, Bath, Maine, on June 15, 1909. The keel was 
laid April 12, 1910, and the vessel was launched practically 
complete December 20, 1910. 

The Trippe is in all essential particulars a replica of the 
Paulding and Drayton, which were fully described in the No- 
vember, 1910, number of the JourNAL. A detail description 
will not be included with this account of the trials of the vessel. 


SCHEDULE OF TRIALS. 


The Trippe was subjected to the following trials: 


(1) Standardization trials over the measured mile at speeds 
of about 12, 15, 1814, 22%, 25, 27%, 29% and the highest 
speed attainable. Three runs were made at each speed except 
the highest, and five runs at the highest speed. 

(2) A four-hour full-speed trial. 

(3) A four-hour 2714-knot trial. 

(4) A four-hour 25-knot trial. 

(5) A four-hour 20-knot trial. 

(6) A four-hour 16-knot trial. 

(7) A four-hour 12-knot trial. 


The consumption of fuel oil and the amount of water used 
was determined by actual measurement on each of the six 
four-hour trials. The arrangements for measuring oil and 
water were as follows: 





U. S. TORPEDO-BOAT DESTROYER /72&/PPE. 401 


For oil three tanks of about 100 gallons capacity each were 
placed on deck in wake of the boiler compartments. The tank- 
supply pumps were arranged to deliver to these tanks and the 
oil-pressure pumps were arranged to take their suction direct 
from them. Cocks were placed in the suction from and dis- 
charge to each tank, enabling a shift to be made instantly 
when a tank was filled or emptied. The temperature of the 
oil was taken at each filling of a tank and the final results were 
corrected for the difference in weight corresponding to the 
observed temperatures. The tanks were carefully calibrated 
before the trials. 

For water three tanks of about 400 gallons capacity each 
were placed over the engine room. The air pump delivered to 
these tanks through quick-closing valves and there was pro- 
vision for letting down the contents into the suction pipe to 
main feed pumps for feeding the boilers. When a tank filled, 
the air-pump discharge was instantly shifted to the empty tank, 
and when a tank was emptied, the feed-pump suction was 
shifted to a filled tank. By the use of three tanks there was 


never any confusion or difficulty in regulating either the air- 
pump discharge or feed-pump suction. 

These tanks were carefully calibrated before the trial. The 
temperature was taken for each tank of water and the neces- 
sary corrections have been applied in the tabulated data. 

The standardization trials were run over the measured-mile 


course off Rockland, Maine, during the forenoon of February 
21,1911. Twenty-nine runs were made, but runs Nos. 13, 14 
and 15 were thrown out on account of failure to get the time 
correctly on run No. 15. 

The same combinations of turbines were used on the stand- 
ardization trials as were to be used on the 

Four-hour full-speed trial, 

Four-hour 2714-knot trial, 

Four-hour 25-knot trial, 

Four-hour 16-knot trial, 

Four-hour 12-knot trial. 


27 
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The twenty-knot speed on the standardization trial was run 
with the four-turbine combination, but the four-hour 20-knot 
trial was run with the five-turbine combination. 

At the conclusion of the standardization trials the usual helm 
and other maneuvering trials and tests of the anchor gear were 
made with satisfactory results. 

From the results of the standardization trials a curve of 
speeds and revolutions was constructed, from which it was 
deduced that the mean of the revolutions of the three shafts 
for the various speeds required on the four-hour trials was 
as follows: 

At 29% knots, 806.0 revolutions per minute 

At 27% knots, 719.5 revolutions per minute. 

At 25 knots, 634.0 revolutions per minute. 

At 20 knots, 485.0 revolutions per minute. 

At 16 knots, 380.5 revolutions per minute. 

At 12 knots, 285.0 revolutions per minute. 


STANDARDIZATION TRIALS. 


February 21, I9II, a. m. 


No. of Mean r.p.m. Total S.H.P. Mean speed, 
run. three shafts. three shafts. knots. 


286.05 581. 13.092 
280.70 618. 10.824 
281.56 594. 12.77 

361.73 1246. 14.400 
375.67 1353. 16.572 
366.45 1344. 14.686 
440.35 2108. 19.064 
445.04 2400. 17.751 
459.59 2530. 19.882 
558.08 4737. 21.918 
563.09 4817. 23.392 
563.27 4878. 22.215 
631.68 7007. 24.395 
633.49 7003. 25.483 
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No. of Mean r.p.m. Total S.H.P. Mean speed, 
run. three shafts. three shafts. knots. 


18 632.37 7057. 24.434 
19 713.84 9757. 27.821 
20 710.16 9877. 26.826 
21 716.29 9936. 27.832 
22 802.43 12734. 28.946 
23 809.95 12877. 30.000 
24 805.71 12869. 29.114 
25 877.56 15402. 31.405 
26 874.57 - 15354. 30.822 
27 884.19 15548. 31.565 
28 880.81 15485. 30.087 
29 884.58 15488. 31.537 


The various four-hour trials were conducted on February 
21st to 24th, with results as given in the appended table. The 
curves of speed and revolutions, speed and horsepower of main 
turbines and propulsive coefficients are also appended. 

The trials of this vessel are noteworthy in that they are the 
first in our Navy in which reliable data was obtained concern- 
ing fuel and water consumption at various speeds between the 
lowest cruising speed and the maximum speed of the vessel. 


DATA FOR FOUR-HOUR RUNS. 


2, | Feb. 24, | Feb. 23, Feb. 23, | Feb. 22, | Feb. 21, 
A.M, | P.M. A.M. Pa, | Bee 


Date and ti time e of trial. a Feb. 
Mean draught on trial, ft. and ins...| 
Corresponding disp!acement, mean | 
draught, tons.. - cccessee| 9D 9 726 
Trim by stern, inches.. | ye 
Speed of ship, in knots per hour...) 1. ‘a6 16.095 25.185 
mooth | Short 
BOG OE BRR ipaceree vccntereton entatevssins and short} 
chop. 


2 
.M. 
4 


-0. 8-02} 8-0243 8-03} 8-024 8-034 


od., 
‘ememere chop. 


Revolutions htc some. | 
Starboar * ecoccecens] 9905.2 | G06c9 ‘ 682.18 
Center ... nae wee} 249-2 | 339.61 33- 607.78 
Port... o oe «++| 2829 | 403.86 di 630.29 
Mean revolutions . _ 272.6 | 383.18 " 640.08 
Slip o propellers, in "per cent. o 
their speed: 
Starboard 16.90 le 22.60 
Center... 57 | 64 13 12 
wereeseseese | 16.44 v 16.22 
Beas GLE ccorsenscesecescescoccseseccoeee | , 11.327 a 12.985 
Steam pressures: | 
Boilers, gage. sane eteeteal 226 259 
Main steam pipe at ‘throttle. 207 259 
Auxiliary steam a woes] 22t 254 
CIES, cesney crvaccocesecece) 2.1 
On glands... one cosececes | | 1 
Main H.P. steam chest.. | ge 
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DATA FOR FOUR-HOUR RUNS—Continued. 





Steam pressures: | 
H.P. crui-ing steam chest........... | 
1.P. cruising steam chest.... . 
L.P. turbine chest, starboard. 


P . 
Pressure in lubrication system 
Vacuum in condenser, starboard.., 

| 
Air press. in firerooms, ins. water | 
BerOMNe0OF 200cccceccccee sovces secces socece | 
Auxiliaries: | 
Revolutions or double strokes: 
Main air pumps, ee 


Forced-lubr oF. pumps. 
Fire and bilge pumps... ; 
Dynamo engines... ......--ss0+-+e0 | 


Forced-draft blowers 


Number of boilers in use 
Average number of burners in use, 
each boiler .. . samme 
Pressure of oil to burners... 
Temperatures, Fahrenheit 
Fuel oil to burners....... 
Injection. 


Discharge 200ccccccccecccccesseoseesee 


Air-pump discharge...........s0.+s+++ 


Feed . coccsscoeee scones 

Outside air ...... 

Engine-room working level.. 

Fireroom working level... . 
Horsepower, main shafting: 

Starboard ‘ 

Center .... 

Port... . 

Total, 0c ccocccccccccccocce cove: ences csces 
Water: 


Pounds per hour per 
main shafts, all machinery 
Fuel oil: 
Analysis and heating power....... 


| 
Pounds per hour, all machinery..|18,617.5 
of 


68.9 165 
75 


34-7 
7. 
6 11 
3-34 3-4 
28.97 28.5 
28.97 28.5 
1.6 2.9 
29.54 29.32 


33-4 ie 
a 45.3 
210 
169 
21.1 
24.8 
2 
34-5 


F. 898 3 


2 


| 
| 
| 
| 
| 


4-5 
286.6 
| 207.2 
33-5 
53-4 
561 
56.1 
56.4 
201 


{ 
29 
78 
52. 


24 
68.5 
57-9 
584 
472,—O 
475 
1,531 


1,110 
820 
954 

2,884 


35,833-4 |51,939-6 


33-425 23.40:| 18.01 


P. 1,448.4 
A. 826.2 


XN 


grec 8 


AANO vA 


205, 
16.6 
71 
54-3 


3,129 
2,336 
1,943 
7,408 


110,348 


14.896 


~ 


23S oo2zse$. 


3,368 


3,819 
3,206 


10,393 


150,681.75 206,006.75 


14.498 


Ultimate analysis : C, 86.64; H, 12.97; S, 0.39. 
B.T.U.’s by Mahler’s calorimeter, 19, 607. 


1,456 2,826 
125.4 | 175.6 
17.632! 


Pounds per hour, all yee. 
<Not run.. whee 
Knots per ton.. 
Deduced data: 
Sq. ft. of heat. surface per S.H.P.| 
Pounds fuel oil per S.H.P. pr. hr.| 
burner pr. hr | 


8.672! 
2.614 


485.3 403-7 


12.758 


3-155 
1.846 


35941 
199.8 


11.251 


3-350 
1.367 
437-9 


Pounds of water evaporated per | 
pound of fuel oil 
Cooling surface (main condenser | 
per S.H.P....... seccces sees 
Auxiliaries in operation: 
Main air pumps. 
circulating pumps. 
feed pumps.......... 
Forced-lubricati n pumps. 
Fire and bilge pumps..... 
Auxiliary-feed pumps.. 
Oil-tank pumps... 
Oil-service pumps... 
Forced-draft blowers 
Dynamos .......0.+0« 
Steering engine... 
Feed heaters... 
Steam heaters . 
Steam to galley... 





12.680 13-179 


17-239 3-330 


1 
2 
1 
1 


an 
Occasionally | 
} 1 
I 
I 


Occ sionally | 

I 
Yes. 
Yes. 





Y ot: 
Yes. 


8,881 
"352.6 


6.352 


1.956 
1.199 


422.9 


12.425) 


1.296] 


as 


ee ee | 


as 


Yes. 
Yrs. 


| 11,64 


419.6 
5-339 


1.859] 


1.120 
396.0 


12.944 


0.924 


equ ired. 
| 


requ lired. 


Ves. 
Yes. 


4,766 
5.494 
4,718 
14,978 


13.754 


17,304 
60. 
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U. S. T. B. DESTROYER WALKE. 


THE U. S. TORPEDO-BOAT DESTROYER WALKE. 


By U. T. Hotmrs, ComMANDER, U. S. N. 


CONTRACT TRIALS. 


The Henry Walke is one of the five torpedo-boat destroyers 
authorized by Act of Congress approved March 3, 1909. The 
contract for her construction was entered into with the Fore 
River Shipbuilding Company, Quincy, Massachusetts, June 
15, 1909. The keel was laid March 5, 1910, and the vessel 
launched November 3, 1910. 

The Walke is in all essential particulars like the Perkins and 
Sterett, which were described in the February, 1911, number 
of the JourNAL. The trial data for the Ammen and Trippe, 
two other vessels of the same date, appear elsewhere in this 
number. 

SCHEDULE OF TRIALS. 


The Walke was subjected to the following trials: 

(1) Standardization trials over a measured mile, at speeds 
of about 12, 14, 16, 20, 224, 244, 254, 27, 294 knots and 
the highest speed attainable. Three runs were made at each 
speed, except the highest, and five runs at the highest speed. 

(2) A four-hour full-speed trial. 

(3) A four-hour 274-knot trial. 

(4) A four-hour 25-knot trial. 

(5) A four-hour 20-knot trial. 

(6) A four-hour 16-knot trial. 

(7) A four-hour 12-knot trial. 

The consumption of fuel oil and the amount of water used 
were determined by actual measurement on each of the six 
four-hour trials. This was done by employing temporary 
tanks placed on deck for the purpose. These tanks were 
carefully calibrated before the trial. The temperature was 
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408 U. S. T. B. DESTROYER WALKE. 


taken for each tank of water or oil and the necessary correc- 
tions have been applied in the developed data. 

The standardization trials were run over the measured-mile 
course off Rockland, Me. They were begun on April 20, 1911. 
After making twenty-one runs, thick weather set ia, making 
it impossible to see the ranges. These trials were resumed 
and completed on April 22d. 

The results of the standardization trials are given in the 
following table. A curve of speeds and revolutions was con- 
structed from which it was deduced that the mean of the 
revolutions of the two shafts for the various speeds required 
on the four-hour trials was as follows: 


The various four-hour trials were conducted on April 20th 
to 24th, 1910. The sixteen-knot trial, which was first run 
on April 21st, was at the-request of the contractors, repeated 
on April 22d, on account of irregularity of the revolutions 
on the first trial. This permitted a better showing to be 
made in water consumption per hour per shaft horsepower of 
the main propelling turbines. 

The four-hour full-power trial was conducted on April 
24th. The results of this and the other four-hour trials are 
given in the following table. The figures for the full-power 
trial are the average for the four hours, but it should be 
noted that at the end of the first two hours of this trial the 


engines were slowed to give a speed very slightly in excess 
of the 29} knots required by the contract. This was done 
in order to make the best possible showing in water consump- 
tion per shaft horsepower of the main propelling turbines. 
The curves of speed and revolutions and horsepower of 
main turbines and propulsive coefficients are appended hereto. 





T. B. DESTROYER WALKE. 


TANDARDIZATION DATA. 





Shafts. 


Starboard. Average 
R.p.m. 


R.p.m. 5. H.P. R.p.m. 





264.862 95 258.042 mF 14,691 
253.138 j 253 775 53.46 13,027 
252.410 26 247.772 250.06 14.090 
229.700 : 230.823 ‘ 230.263 11.717 
235.790 336 233.791 234.75 13.255 
215.765 y 218.294 ‘ 11.020 
296 182 iTS 294.296 295.238 16.393 
010 39: 297.332 | 296.67 15.251 
966 398 294.197 295.5 16.289 
76.985 374.695 ,43 375. 19.486 
684 20,496 
452 19,794 
646 22.875 
35.228 22.222 
2 i 35. 22.818 
486.023 558 24.296 6,600 
485.703 : { A 24.911 6,53 
486.694 24.379 | 6,582 
513.753 25.568 | 7,889 
524.646 26.657 8,229 
519.747 25.6 8,064 
536.763 8,951 
538.358 -12% 8,994 
536.666 537.979 3.482 | 8,966 
606.698 305.960 of } 11,911 
610.532 2.517 12,145 
.796 30.08% | 12,005 
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938 
5.086 
3.730 
2.876 

179 
.982 


3.257 
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.679 
7897 
291 
999 
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502 


320 5,992 608.272 


272 
liscarded 
689.512 7,608 690.182 
682.745 45 677.588 
694.667 2 696.466 
688.968 7,68 683.204 
692.580 z 688.481 


9.847 
.167 ,788 
695.567 32.2 5,480 
686.086 5,13 
690.531 32.169 5,331 


33 


NIAAA 

















‘A FOR FOUR-HOUR RUNS. 


and time of trial.|Ap.20pm | Ap.21pm| Ap.22am| Ap.2lam | Ap.23am | Ap.23pm | Ap.24 
draught on trial, 
and ir 8-063 8-06 5 8- 8-07% 8-06% 8-064 8-07 
ndirg displace- 
mean draught, 
768. 766. 5.8 

by stern, inches. . 3% 3% Yby he’d A, 2% 
of ship in knots 


767.8 772. 
7 


Vs 


11.908 16.146 16.096 20.250 25.113 27.572 29.783 


smooth smooth smooth smooth long smooth smooth 
swell long long 
swell 


221.9 301. 299.8 497. 551.048 621.609 

221.8 300. 299.4 496. 551.18 621.463 

221.85 300.8 299.6 496.5 551. 621.536 

propellers, in 

r cent. of their 
Starboard Due 
Port ; 3.§ 3.98 5.4 of 19.96 
Mean ; -13 5. ° 19.95 
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DATA FOR FOUR-HOUR RUNS—Continued. 


Steam pressures: 
Boilers, 
Main steam pipe 
throttle 
Auxiliary steam pipe. . 
exhaust 
Ahead steam chest, stb'd 
Ahead steam chest, port 
First stage ahead stbd. 
First stage ahead port. 


Nozzles, open 


Pressure in lubrication 
system . ‘ ° 19.3 
Vacuum in condenser, 
starboard 9.6 f 29.5 
port 29.: 9.4 .f 29.9 
Air press. in firerooms, 
ins. 
Barometer 
Auxiliaries : 
Rezolutions or double 
strokes: 
Main air pumps, 
starboard 
port 
circ. pumps, starboard 


3.4 
29.72 


Main feed pumps..... 
Auxiliary feed pumps, 
aft 





Fuel-oil pumps, 
forward 
aft 
Forced-lubrication 
pumps 14. 5. 10. 
Fire and bilge pumps o- es 
Forced-draft blowers. 1062. 931. 
Dynamos, watts.....|/3182. 2607. 
Number of boilers i 
use 
Average number 
burners in use, each 
boiler 
Pressure of oil to burn- 





2 
a. 


Temperatures, Fahren- 
heit: 
oil to burners.. 
Injection 
Discharge 
Air-pump discharge... 
Feed 
Outside air 
Engine-room 
level 
Fireroom working level 
Horsepower, main shaft- 
ing: 
Starboard ; a ¢ 3595. 4806. 6289. 
Port 23. 2. 5 . 35/2. 4810. 6284. 
Total 2. 25. 2994. 7167. 9616. 12573. 
Water: | 
Pounds, per hour, all 
machinery 965 $2615 57852 2: 140471 184047 
Pounds per hour, per 
H. P. of main shafts, | 
all machinery 35. 22.618 21.775 9.323 | 3.3 14.608 | 14.638 
Fuel oil: } 
Analysis and heating 
power* 
Pounds per hour, 
purposes 
knot run 
Knots, per ton 
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DATA FOR FOUR-HOUR RUNS—Continued. 


Deduced data: 
Sq. ft. of heat, surface 
per S.H.P 8.036 
Pounds fuel oil per 
S.HLP. pr. hr. «22+. 2.659 1.680 
burner pr. 496.3 424.9 
Pounds of water evap- 
orated per pound of 
fuel oil 13.20 13.47 3. 5§ - 5 13.39 
Cooling surface (main 
condenser per S.H.P) - 9% 6.620 5.699 33% 0.993 
Auxiliaries in operation : 
Main air pumps...... 1 P P 2 
circulating 
pumps .... 2 2 P 2 2 
feed pumps. 0 0 . 1 
Forced-lubrication 
pumps 1 1 1 
Fire and bilge pumps. 2 2 P P P 2 
Auxiliary-feed pumps. 1 1 : *s, 
Oil-tank 1 oc’ally | 1 oc’ally oc’ally | 1 oc’ally 1 oc’ally 
Oil-service pumps..... 1 1 1 2 


| < 9 
Forced-draft blowers. . 1 1 } { > 





lhr 1 
Dynamos 1 1 1 1 
Steering engine as reqrd | as reqrd | asreqrd | asreqrd | as reqrd | as reqrd | as reqrd 
Feed heaters e as se aa 2nd half 
Steam heaters.. ..|moder’ly | moder’ly | moder’ly | moder’ly | moder’ly | moder’ly | moder’ly 
Steam to galley as reqr¢ asreqrd | asreqrd | asreqrd | as reqrd | as reqrd | as reqrd 

















*C, 87,00; H, 13.26; S, 0.32; B,T.U. 19,565, 





OIL-BURNING T. B. DESTROYERS ON TRIALS, 


COMPARATIVE PERFORMANCES OF OIL-BURN- 
ING TORPEDO-BOAT DESTROYERS ON TRIALS, 
WITH SOME OBSERVATIONS ON OIL BURNING. 


By CAPTAIN W. STROTHER SMITH, U. S. NAvy, MEMBER. 


In answer to the many questions propounded on all trials 
as to what the other boats of like design had done the accom- 
panying table and these notes are furnished. 

To further facilitate the comparison much of the data ob- 
tained on trials has been reduced to three speeds, except in 
the case of the 7rzppe, where six speeds are given. These 
deduced data are marked with an asterisk in the table. In 
deducing the figures given, curves were constructed or the 
rule of cubes used. While this latter method may not give 
the exact power with accuracy it is sufficiently close for pur- 
poses of comparison. 

In comparing the powers at different speeds some account 
must be taken of differences in torsionmeters, state of wind 
and sea and the efficiency of machiery. It is conceded that 
the torsionmeters on the Paulding and Drayton showed 
slightly higher powers than were required. On the Perkins 
and Sterett the powers were measured on one shaft only, be- 
cause the torsionmeter on the other shaft was known to be 
out of order. The powers of the other shaft were deduced 
and are included in the total powers. 

The evaporative efficiency of the boilers is not given, be- 
cause the measurement of the make-up feed was not sufficiently 
accurate to be used and could not well be measure? more 
accurately. With the exception of the 7rzfpfe the amounts 
of oil fuel as given are only approximately correct, but prob- 
ably more accurate than would be measurements taken in 
service for runs of the same duration, unless some improved 
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method of measurement were adopted. In comparing the 
fuel-oil data some account must be taken of the fact that more 
care was taken to promote boiler efficiency on some boats 
than on others. Some were run for speed, regardless of oil 
consumption, and others, owing to state of weather, required 
a high power for their sea speeds. 

Considering the efficiency of the different burners used 
none were found to be perfect. Each had some defect, but 
all had good points. The following points must be observed 
in burning oil to obtain the best results: (a) The oil must be 
atomized as completely as possible; (4) Combustion must 
commence within an inch or two from the tip of the burner ; 
(c) Air must be supplied along the cone of burning oil in in- 
creasing quantities and at a sufficient velocity to thoroughly 
penetrate and mix with the sprayed oil; (@) There must bea 
surrounding volume of air around the burning cone of oil to 
protect the front boiler casing, the burner-tuyeres, and to 
ensure complete combustion before the gases leave the com- 
bustion chamber. 

In forcing oil through the burner for atomization a steady 
pressure is almost essential. This may be accomplished in 
several ways; the one usually adopted is to install a large air 
chamber on the far end of the oil-service piping. Since oil 
absorbs air very readily a source of supply under pressure 
must be available at all times to keep upa head. It would 
be interesting to try a piston accumulator with spring load, 
spring to be adjustable and used in connection with a long- 
stroke duplex, or even simplex, pump. The accumulator 
should be between the burners and the pump. 

In atomizing the oil it was previously heated in nearly all 
cases. This has been proven by experiment, during the 
above trials and since, to be advantageous. Between 125 de- 
grees and 150 degrees F. seems to be all that is necessary for 
the best results, but this depends to some extent on the size 
of the orifice in the burner tip. With the exception of the 
Roe and Jerry all boats used about the same quality of oil, 
as to flash point and specific gravity, and of the same degree 













OIL-BURNING T. B. DESTROYERS ON TRIALS. 





414 





of distillation from the crude. It will be seen that all of the 
trials were conducted with oil showing a higher flash point 
than required by Government specifications. 

It has been noted that with a constant temperature and a 
wide-open burner the amount of oil burned depends directly 
upon the pressure at the burner. From thisit would seem to 
be good policy to use a larger number of burners and reduce 
the pressure to as low a point as will serve to atomize the oil 
with the burner in use. This will relieve the oil-service 
pump, require less air pressure for penetration of oil cone and 
reduce the chances of danger from oil leaks. 

The trials of the Zrzppe were conducted under conditions, 
except weather conditions, exceedingly favorable for the pur- 
poses of comparison. In addition to all that had been done 
on the other boats, given in the table, means of measuring 
fuel oil were adopted that gave far greater accuracy than on 
previous trials. 

Six four-hour trials were run at about the speeds given in 
the tables, except the full power. The Paulding, Drayton, 
Perkins, Sterett and Trippe were tried on the Rockland course, 
and the others on the course at Delaware Breakwater. In 
this connection reference is invited to page 954 of the JouR-— 
NAL of the issue of August, 1910. 

The Roe was tried in July, the 7erry the latter part of Sep- 
tember, the Paulding the last of August, the Drayton the 
middle of October, and the Perkins the last of September. 
During these trials the weather varied from intensely hot on 
the Roe to cool and pleasant on boats tried farther north. The 
remaining boats were tried in cold to very cold water. 



































Name Of boat... .ccccccce.cccccccoccccccsssscccscccsccccocsss seseeees Roe. Terry. Paulding. Di 








Type of machinery ......cccrcccosccercccccreesescceves coves sesees Parsons turbines, 3 shafts.) Parsons cushions 3 ochelis Passons turbines, 3 shafts. | Parsons tu 











16 25 Co 29.5) 16 25 29.5 16 25 29-5 16 
: 377| 632.5 | 791 382 632-5 793-5 37! 615 794 | 375-5 
* Shaft horsepower deduced from trial 1,455 6,600 11,670 1,370 6,786 54 1,483 6,950| 12,652 1,480 
ome of torsionmeter. Chad|burn fla shlight. | Chad burn fla shlight Hopk |inson--T|hring. Hopk| n 
ter per hour for main engines and auxiliaries, lbs.| 37,440 | 109,250 | 196,617.5| 31,520 | 112,500 | 185,407.5| 31,360 | 102,250 | 162,545 | 32,480 | 1 
* Water per S.H.P., main engines only, per hour, "lbs.. 25.73 | 16.55 16.848 | 23.007, 16.578 | 15.008 | 21.146 | 14.712 | 12,847 | 21.946 | 1 








Speed, knots.. 
R.P.M., average, main engines....... 












































* Water | knot, pounds....... | 2,340 45370 6,665 | 1,970 4,500 6,285 | 1,960 4,090 5,510 2,030 
* Fuel oil per hour pounds.... eve oe] 3,136 8,425 | 14,750 | 2,640 8,600 15,458 2,912 8,200} 13,363.5| 2,528 
* Fuel oil per knot, pounds .. 196 337 500 | 165 344 524 182 328 | 453 158 
B.T.U. of fuel oil per pound. hesnsenenseecescevesssaseussanenese 19,388 | 19,388 | 19,388 | 19,842 19,842) 19,430 | 19,659 | 19,659 19,659 | 19,516 
| ' 
Flash point of fuel oil.. wccscecceccsccosescccccocesces]| 990 370 370 335 335 375 252 | 252 | 252 260 
Specific gravity of fuel ‘oil at 60 degrees F. _ -_ -9082 | .go82 870 870 .gI0 8825 | .8825 | .8825 8785 
Total number of burners per boiler.......ccc0-sssse0 ne 11| 11 11 11 11 Ir 11 | 11 11 
woe of oil burning T horn ycrioft. T horn ycrioft. | Niormand. | Njo: 
ype Of boiler.......s00 0-00-0000 ssetaccnunes settee Tihor nycr| loft. Thor nycrioft. Niormanid. Nj: 
Cubic feet of combustion space ~~ Boller...cccsccesecceee 473) 423 | 423 423 423 423 | 336.12 | 336.11 | 336.12 336.11 
Number of boilers in use.. - -_ 3| 4 | 1 4 4 I 3 4 
R.p.m. of blowers and number. running. 1,381..1| 880.8..4 | 1,350.4 |1,362..1, 1,293.2 | 1,459...4 | 1,242..1 | 1,238.2 | 1,517-.2| 1 ‘alk 1/1, 
Air pressure in firerooms, inches of water. «| Open 1.55 3265 | 1.62 1.4 34 6CU|l«C48 4-1 4-87 3-1 
Oil pressure at burners and number in use.......-.-« ecvee| one BE oneTG |. 00nGq |198...12) 198...18 | 197.044 | 273. 221... | 136.5. | 222 | 2 
Temperature of oil at burners, degrees F........ owe oe | om 204 164 69 71.5) 60.5 
Heating surface of boilers on trial, square feet «| 4,500| 13,500| 18,000 | 4,500, 18,000| 18,000 | 4,830. 23) 14, ma J 19,320.9| 4,830.23) 1. 
* Pounds of oil per hour per - foot heating surface....| .70 62 | 82 | .59 -48 86 60 -69 -52 
* Pounds of oil per cubic foot furnace volume........ «| 7-39 6.64 8.72 | 6:24 5.08 9.14 8.66 8. 4 9-94 | 7-52 
* Water per square foot heating surface per hour......... | 8.32 | 8.09 | 10.92 | 7.00 6.25 10.30 | 6.49 | 7.06 8.41 6.72 
Average pressure steam at boilers, gage, _<ccantan coene 241| 256.3 239 233 243 250 225 | 250 2s2 | 222 
Average temperature feed, degrees F.. “| 93-6 | 104.5 rir | 94 | 165 189 | 222 | 211 187 | 230 | 
Displacement, mean, during trial, tons 698 | 711 guz | 723 724 | 722. 5| 727-5 | 712 guz_ |) 989 
| slight | | | short, | slight short 
State of sea........ siahocweesben | onan | smooth | smooth jsmooth | smooth | smooth | | choppy | swell smooth choppy sr 
| | | le | | 
. | gentle | mod. | Sent mod. mod. gentle lis 
Force of wind........... eascoenncsoncrncse cnsssosoeseccscooeses ey reese | gentle | gentle | | breeze | arse | light airs | | breeze | | breeze | breeze | fresh . 
| | 
* Shaft horsepowers from standardization curve........... | 1,455| 6,600| 11,670 1,185| 6,335! 11,430 I ‘670 | 6,925 | 32,415 1,485 | 
le r. Bath Ir | 


Type of blower, blower engine, and diameter of fan..|Sirocco| Terry | 30-inch |Sirocco) Terry | 30-inch | Worke Terry | 39-inch Works T 











"*Deduced data. 





COMPARATIVE DATA OF TORPEDO- ‘BOAT DESTROYERS. 








‘Drayton. Me Call. | Burrows. Perkins. “Sterett. Warrington. 








; curblacs, 3 3 shafts. Parsons turbines, 3 shafts.| Parsons turbines, ashatts Curtis turbines, 2 shafts | Curtis turbines, 2 shafts. | Zoelly turbines, 2 shafts. 

















25 29-5 16 25 29.5 16 25 | 29.5 16 25 29.5 16 25 29-5) 16 | 25 29.5 1 
622 787-5| 367.5 611 763.5| 371-5 | 616 | 775 | 289.5 475.1 $84.8) 293.2 | 484.5 598.8) 268.8 | 478.2 o | 209 
7,078 | 13,600 | 1,395| 6,789| 11,645 | 1,434| 7,014| 11,790 | 1,380| 6,304 | 11,364 1519 6,592 | 11,721 | 1,529| 6,996, 12,065 | 639 
:} nson--T | hring. Fist tingeir. Fist tingejr. Fiéttingelr. jot tingelr. Metten. | 





174,050 | 33,680 | 112,250 176,557-5| 20,400 


103,000 | 174,050 | 32,960 | 101,500 | 165,347-5| 32,800 | 103,250 | 167,707.5) 30,400 | 97,750 | 164,315 | 32, $60 | 89,000 
14.845 | 22.027| 16.045 14,634 | 31.925 


14-552 | 12.797 | 23.627| 14.951 | 14.199 | 22.872| 14.721 | 14.225 | 22.029 | 15.506 | 14.458 | 2. 435| 13.50% 


4,120 5,900 2,060 4,060 | "5,605 2,050} 4,130] 5,685 | 1,900] 3,910 5,570 2,035 | 3,560 


§:900 | 2,105/ 4,495) 5,985 
7,800 | 15,428.5| 2,640| 7,400] 13,363-5) 2,592| 8,350| 13,039 | 2,528| 8,100 | 15,753 | 2,736| 8,600 


16.933 3,408 | 9,625 | 165,790 


1,700 
1,596 



































312 523 165 316 | 453 162 | 334 | 442 | 158 324 | 534 | 17% 344 574 | 213 385 562 133 
19,516 | 19,516 | 19, 618 19,618 | | 19,618 | 19,598| 19,598| 19,598 | 19,752 | 19,752 | 19,752 | 19,679 | 19,679 19,679 | 19,510 | 19,510) 19,510 | 19, 607 
| 260 | 260 300 300 00 | 300 273 273 | 273 | 275 275 275 260 260 260 270 270 270 250 
| .8785 8785 .8865 a | .8865 | 8958 | 8958 - | 88: | .88t , .88r | .8805 | .8805 -8805 8961 | 8961 8961 877 
II se | 11 11 | II 11 | 7 7 | 7 | 7\ 7 7 Ir 11 Ir ir 
Jiormand. | Schiitte- Koel irting. Schul tte--Koe/rting. Fiore Rivier. Flore Rivier. +Schii|tte-Koe rting. 
‘jormanid. | T hor nycr| joft. | T'hor nycrioft. | | Yarrow.| ‘ues Whiite- Fors ter. 
| 
336.11 | 336.11 | 437 437| 437 | 437 437 437 | 525| 525 | s*5 | 535 | 525 | 525 | 394-74] 394-74 | 394-74 | 336.2 
3 3 | 4.1 2) 3 2) 4 | 4 2 4\ I 
1,200..2 | 1,573-- a 1,426..1| 1,185..3 | 1,391...4 |1,388..1) | s6t- b sate of i372. 1| 1,330.3 | 1,413. . Ir, 222.41) 1,585u2 | 1,537-004 | 704e001 | 1,184. 2 | 1,212.00 | 735-0 
1} 3-5 4-83 3-2 3-55 4 63 4:45 3.17 | 207 | 2:45 | 3.48 | 2.78 3-28 1.38 32 | 4.85 1.6 
| 260...14 | 219.037 | 121...7 | 120.4425 | 148...41 |136..6. 6| sae aa 5 ca ral | 69. 5-6 | 85.5..15 | 100...28 | | 158. 4 | 112..16 | 115...28 | 204...7 | 201.. 24 | 197-037 
| | 
5 59 61 218 206 | 220 217 | 194 | ee ae 149- 5| 138 III 128 | 165 165 171 - 
3| 14,490.7| 19,320.9| 4.800/ 14,400| 19,200 | 4,800| 19,200| 19,200 | 9,000 13,500 | 18,000 | 9,000| 18,000 | 18,000 | 9,000| 18,000] 18,000 | 4,830 
-54 80 55 +51 jo | .54 -44 68 | .28 -60 86 | +30 48 -94 -38 +54 -92 3 
7-74 11.48 | 6.04 5-64 7-65 | 5.93 4-78 | 7.46 | 2.4% 5.14 7-50 | 2.6% 4-10 8.06 4-31 6.09 10.50 4-7. 
7-1 g.co | 6.87 | 7.05 8.61 6.83 | 5-37 | 8.73 | 3.38 7.24 | 9.13 | 3.62 4-94 9-67 3-74 6.21 9.81 4- 
| | | | | | | 
255 254 | 240 | 252 249 | 254) 260 | 253 | 258 256 | 257 | 265 263 263 | 248.5 | 246 246 
219 204 | 216 184 165.9) 216 | 184.3 | 169.4) 64 66 | 73 55-5 67 80 | 190 135 | 140 
72> 721 738. ad 731 738 | 735-2 | | 720] 920.5) 775- 5 757, | 765 765 | 756.5 nzst | 726.8 | 735 729.2 
mo | smoo | |smooth| smoot . shor ‘ : 
| smooth longswell!® pen smooth| short | short | ~< slight jecatiane to slight} smooth | oe slight and h aA alight smoot 
ehesaite hop | on chop -“ | swell swell . ne rough , 
. | . | } tle | ight mod. A : 
light to| gentle |mod.to| gen’le | mod. to gentle | light | mod. | ,8°" | strong; light | light to 
mod. breeze | fresh | breezes! fresh | fresh | eed mod. |. mod.| breeze | — ae —— —_ | breeze to mod.| gentle 
} | 
7,120 | 13,440 | 1,300| 6,400] 11,425 | 1,305 | 6,500 | 11,950 | 1,295 | 6,200 11,000 | 1,345] 6,190 | 11,210 le? 1,460 | 6,720 | 11,940 
| Terry | 39 inch | a Terry | 36-inch a? Terry 36-inch [Siroeen) Kerr | 27-inch |Sirocco} Kerr | 27-inch | eg Terry | 39-inch 
j | ' | | | | 











+B. & W. air distributer attach 


















ARATIVE DATA OF TORPEDO- BOAT DESTROYERS. 


Burrows. Perkins. ‘Sterett. ‘Survie ton. 








5, 38 shafts. Parsons eutinn, 3 sshafis. 





Curtis turbines, 2 shafts 


Curtis turbines, 2 shafts. | Zoelly turbines, 2 shafts. 





es Ss 16 


























29.5 25 29.5 25 29.5 25 29-5 16 25 29.5 12 20 
763.5) 371-5 616 775 289.5 475-1 584.8, 293.2 484.5 598.8) 268.8 | 478.2 ene 285 380.5 485 
11,645 | 1,434| 7,014| 11,790 | 1,380! 6,304 | 11,364 519, 6,592 | 11,721 | 1,529| 6,996| 12,065 639 | 1,504 3,006 
|r. Fiét tingeir Fiéttingelr. bttingelr. | Metten. Hopk|inson-Th 
165,347-5| 32,800 | 103,250 | 167,707.5| 30,400 | 97,750 | 164,315 | 32,560 | 89,000 | 174,050 | 33,680 | 112,250 | 176,557.5) 20,400 | 35,280 | 53,500 
14-199 | 22. 873 | 14.72% | 14.225 | 22.029 | 15.506 | 14.458 | 21.435| 13.501 | 14.845 | 22.027 | 16.045 14,634 | 31.925 | 23.457 | 17-797 
5,605 2,050 | 4,130| 5,685 | 1,900] 3,910 5+570 | 2,035| 3,560 | 5,900 | 2,105/ 4,495) 5,985 | 1,700) 2,205 | 2,675 
13,303-5| 2,592| 8,350/ 13,039 | 2,528| 8,100 | 15,753 | 2,736) 8,600 | 16,933 | 3,408 | 9,625 | 165,790 | 1,596| 2,784 | 4,060 
453 162 | 334 442 158 324 534 171 344 | 574 | 213) 385 562 | 133 174 | 203 
19,618 | 19,598| 19,598| 19,598 | 19,752 | 19,752 | 19,752 | 19,679 | 19,679 | 19,679 | 19,510) 19,510) 19,510 | 19,607 | 19,607 | 19,607 
| | | | | | 
300 273 | 273 | 273 275| 275 275 260| 260 2 270 | 270 270 | 250 250 250 
8865 ee a. -895) e 881 | .88 881 -8805 = -8805 - - = 877 877 | 877 
at 7 7 7 7 iI 11 II 
rting. Schi| tte--Koe| rting. Fiore Rivier. Fiore Riv er. | +Schul tte-Koe rting. } No| 
loft. T'hor nycrioft. | Yarrow. | Yarrow.| | Whi ite- Fors ter. | No} 
| | | | 
437 437 437| 437 525| 525 525 s2s| 52s | 55 | 394-74| 394-74 | 394-74 -— | 336.12 | 336.11 | 
4 1) 4 4 | 7 3 4 2) 4 4 e 4) 4 | I 2 
- +4 |1,388..1) 1,061.4 | 1,44 004 |1,372--1) 1,330-3 | 1,43 3-0-4 |1,222..1| 1,525.2 ae) 04 | 71 4e00¥ | 1,184.2 | 1,212.04 og | 1,083..2 | 898...1 | 
4 | 4045 4-80 | 4-95 1.17 2.07 | 2.45 1.4m | 2.75 28 | 1.38 32 4-85 I. 6 |} 2.9 1.9 | 
148.. Sos 136..6.6)105..25.5| 127.5443 | 69.5.6 | 85.515 | 100...28 | 158...4 | 112...16 asp 28 | 204607 | 2004.24 | 197-0037 | 19T3 | 290.07 286...9 
220 217 194 | 223 [ww | owe | 149-5 138 1m 128 | 165 | 165 17t | 209 197 207 | 
19,200 4,800 | 19,200/ 19,200 | 9,000| 13,500 | 18,000 9,000 | 18,000 18,000 | 9,000 | 18,000 18,000 | 4,830.2) 4,830.2 | 9,660.5 
i 54 44 «| 68 28 | .60 | 86 | .30 | .48 94 | .38 | 54 | -92 | +33 +58 | +42 
7-65 | 5.93 4-78 7-46 | 2.4% | 5-34 | 7-50 2.61 4-10 8.06 4-31 | 6.09 | 10.50 | 4.75| 8.28 6.02 | 
8.6r | 6.83 5-37 8.73 3-38 7-24 | 9-313 3-62 | 4.94 9-67 3-74 6.21 9.81 4-22} 7.30 | 5-54 
| } } 
249 254 | 260 253 | 258 2356 | 257 265 263 263 | 248.5 | 246 246 11977. «| 226 244 
165.9, 216 | 184.3 169.4) 64 66 73 55-5 67 80 | 390 | 135 140 221 | 207 201 
738 735-2 | 720) 720. ‘s moth 757 765 765| 756.5 nZst | 796.8 | 735 729-2 | 739 | 726 725 
mee. [SEO shore | alight (Seer Seaet slight | slight | SOs" | | light | slight | hort | short 
short | short | Short | a t ltoslight/to slight] smooth | S385t | sig and j|smooth|, "St | Sugir ismooth| S20 | sao 
following} chop mod, well — onan’ | swell a rough | to mod. swell i mi be — 
| | | gentle ight mod. | | | ight to | mod. to 
mod. to | gentle light | mod. mod, | strong! light | light to } 
fresh | mod. | to fresh to mod. | to fresh | | | gentle fresh 
fresh breeze i’ mod.) breeze ; mace | bosene “whey 3 eevione Bee mod. | | od. | breeze | breeze 
| | | | | 
11,425 | 1,305| 6,500/ 11,950 1,295 | 6,200 | 11,000 1,345 | 6,190 11,210 | 1,460 | iia | 12,940 |620 | 1,440 | 3,010 
36-inch | oe Terry | 36-inch |Sirocco| Kerr | 27-inch |Sirocco| Kerr | 27-inch — Terry | 39-inch Bjath Jron|Works, | 





7124! 
ring tor 
107,50 
14.837 


4530 
8,67: 


34; 

19 ,607 

25 
877 

1) 


rmand. 
rmand, 


336.1% 
1,137 «. 

2.65 
280...21 


200 


| 14,490. 
“60 


8.60 
7-42 
259 
206 
73° 
short 
chop 
fresh t 
very fres 
wind 


7,°7! 
Terry ti 








+ B. & W. air distributer attached to S.-K. system. 








» 3 shafts. 

25 | 27-5 29-5 
634 719.5) 806 
,245 | 10,122 12,770 


torsijonmeter. | 


,500 | 146,712.5| 180,392.5 
837 | 14-494 14.126 
300 | 5,335 6,115 
1675 | 11,440 | 14,573 
347 | 416 | 494 
,607 | 19,607 | 19,607 
250 | 250 250 
77 -877 877 
11 11 ef 
id. 
id. 
an 336.11 336.11 
} 4 4 
7 +2 | 1,263...2 | 1,462...2 
65 | 2. 4-1 
021 | 237+29.5 | 280...40 
) 196 196 
199.7 | 19,3209) 19,320.9 
60 | «59 “75 
3.60 | 8.51 10.84 
42 | 7.59 9.34 
) 226 250.5 
| 199 179 
722 733 
ort short 
op chop smooth 
h to | 
| gentle 
~ to mod. | mod. 
| 
75 10,060 | 12,800 


y tur|bine, 39-inch. 


Parsons turbines, 3 shafts. 


16 20 25 27.5 
277 373-5| 470.5, 615.5) 694 
675| 1,490 | 2,860 | 6,989 | 9,173 
Fotti|nger. 
19,980 | 33,200 | 48,800 | 93,600 | 142,900 
29.600 | 22.282 | 17.063 | 13.392 | 15.578 
1,665| 2,075 | 2,440 | 3,745 | 5,195 
1,880 | 3,055 | 4,450 | 8,345 | 12,630 
157| 19% | 222.5) 334 459 
19,503 | 19,503 19,503 | 19,503 | 19,503 
288 288 288 288 288 
-£935 | .8935 | -8935 | -8935 | -8935 
Ir =. Pes Ir It 
S|chtitte -| Koertin|g. 
| Thorn-|ycroft. 
437| 437 437 437 437 
I S ¢ 2) > 2 4/ 
1,035-2 | 1,244.1 | 1,024.2 | 1,098..3 | 1,134.4 
3 58 4-43 | 409 | 3-9 5-0 
125-5 | 137-8 T1711 |104.5..27) 116..35 
206 219 215 | 221 | 220 
4,800 | 4,800 | 9,600 14,400 | 19,200 
+392 -632! 463) 579] -657| 
4.30 6.97 | 5-09 | 6.36 | 6.83 
4-2 6.7 | 5-1 | 6.5 7-44 
242 240 260 252 | 250 
7° 72 | 85 | 62.5 80 
447-5 | 737-7 | 737-4 | 7393 738.0 
ong old swell) 
high | Shon (& short | a | oe 
swell P chop | 
gentle | fresh | — | entle goes 
breeze | breeze | breeze | °F&®7© | breeze 
475| 1,310 | 2,700 | 6,640 9,265 
Sturte- } Mi 
pret Terry | 36-inch 


29.5 
779 
12,677 


178,300 
14.065 


6,045 
15,230 
516 
19,503 


288 
-8935 
It 


437 
4 
1,29 3-04 


5.84 
128 .44 


222 

| 19,200 

793 
8.24 
| 9.28 
| 250 
| 163 
| 735-9 
long 
high 
swell 

| mod. 

breeze 





12,105 





Walke. 


Curtis turbines, 2 shafts. 





12 
2233 
573 


19,800 
34-555 


1,650 
1,495 


19,565 


260 
-8795 


525 
I 
1,062.1 


1.87 
88..3 


106 
4,500 


+332 


2.85 
4-4 


250 
55 
768 


smooth 


gentle | 


breeze 


600 | 


16 20 25 27.5 29-5 
297-7 377-6 494.0 549.2 611.2 
1,400 2,884 7,071 9,541 | 12,218 
Fotti nger. 
30,600 | 55,700 | 108,3c0 | 139,500 | 176,800 
21.857 | 19.313 | 15.316 | 14.621 | 14.470 
1,912 | 2,785 | 4,332 | 5,070 | 5,995 
2,255 | 4,490 | 8,005 | 10,395 | 13,050 
141 224 320 378 463 
19,565 | 19,565 | 19,565 | 19,565 | 19,565 
260 260 260 | 260 260 
8795 | -8795 | -8795 | .8795 | .8795 
7 7 7 7 | 7 
Fiore River, | 
Fore Rive'r. | 
525 525 525 525 525 
2 2 4 4 | 4 
Q3%-- | 1,332.2 | 1,003..2 | 1,427.3 | 1,478~4 
1.17 3-4 2.3 2. me 
81.7.5 | 144-8 | 109.16 |118.8..18] 96.6..28 
} | | 
110 120 110 | 96 | 93.5 
9,000 | 9,000 | 18,000 | 18,000 18,000 
+255) +499) +444) +577) -758 
2.15 | 4.28 3-81 | 4.95| 6.50 
3-4 62 6.0 | 7.95 | 8.22 
250 | 250 262 267 265 
38 67 go 137-4 | 120.8 
778 =| : 775-8 | 765.5 | 7678 | 772 
| lon smooth | smooth 
smooth |smooth| <1. 1 long | long 
swell swell 
gentle | fresh | mod. | gentle | light 
breeze | breeze | breeze | breeze | breeze 
| } | 
1,370 | 2,910| 6,970 9,460 | 12,130 
Sirocco| Kerr | a7-inch| 
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NOTES ON THE CURTIS TURBINE. 


By LiguTENAN’T O. L. Cox, U. S. N., MemBeEr. 
Graduate of the School of Marine Engineering. 


The Curtis turbine is a compound impulse turbine, the com- 
pounding being both for pressure and velocity. 

In an impulse turbine, the internal energy of the steam is 
first changed into velocity, by expansion in a suitable nozzle, 
and the jet of steam directed against the moving blades. In 
passing through the moving blades, the steam gives up part 
of its velocity to the blades, this part of the velocity being 
changed into mechanical work. 

The simplest possible impulse turbine is the DeLaval, which 
consists of a nozzle or row of nozzles, and a single row of 
moving blades. The steam is expanded, from the initial pres- 
sure to that of the condenser, in the nozzle. 

The maximum efficiency of a single-wheel impulse turbine 
is when the blades move with a velocity that is one-half the 
velocity of the jet of steam, and as steam velocities of nearly 
4,000 feet per second are attained when high-pressure steam 
is expanded into a vacuum, it is seen that for maximum 
efficiency the blades must move at a velocity of 2,000 feet 
per second. Such a speed is prohibitive for marine propul- 
sion, and some means must be taken to reduce it. 

This is done by compounding the pressure drop, that is, by 
using several sets of nozzles, thereby reducing the drop in 
each set, and reducing the exit velocity of the steam accord- 
ingly. 

Even by doing this the turbine would be too long for use 
if there were only one row of blades in each stage to extract 
the velocity from the steam. 
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Therefore the turbine is compounded for velocity also, that 
is, instead of only one row of moving blades per wheel there 
are several rows. Each row extracts approximately twice its 
own velocity from the steam, and there are 2, 3 or 4 rows of 
moving blades used, depending on the relative velocities of the 
steam and the blades. 

If the nozzle were placed exactly in the plane of the wheel, 
and the blades were of such shape as to completely reverse the 
direction of the steam, the blades would extract exactly twice 
their own velocity. 

This condition is not possible, owing to practical reasons, 
the nozzles being placed at an angle with the wheel, and the 
blades not giving a complete reversal of direction of the steam. 

Turbines are inherently high-speed machines, and for this 
reason are not suitable for slow ships without some sort of 
reduction gear. A turbine designed to give as good economy 
at low speeds as the reciprocating engine would be of pro- 
hibitive weight, and at a high number of revolutions the pro- 
peller efficiency drops off rapidly. Up to speeds of 15 or 16 
knots, the turbine is less economical than a well designed 
reciprocating engine, while at high speeds the turbine runs 
with about equal economy. 


CONSTRUCTION. 


The general construction of the turbine is shown in the 
plate, which is a longitudinal section of one of the turbines 
on the U. S. S. North Dakota, and represents one of the 
latest types of Curtis turbines in our service. 

The turbine consists of two general parts—the stator, or 
stationary parts, and the rotor, or rotating parts. 

The stator includes the casing, steam chests, diaphragms 
and fixed blades. The casing is made of cast steel, and is 
divided into sections so as to be easily lifted. 

The rotor consists of the following: A hollow-steel shaft, 
the forward end of which forms the thrust shaft, and the 
after end is attached to the line shaft, the after end being the 
largest; cast-steel hubs are forced on the shaft by hydraulic 
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pressure and then keyed. Bolted or riveted to the hubs are 
discs of rolled-steel plate (cast-steel in some turbines). The 
rims to which the moving blades are attached are bolted or 
riveted to the discs. 

The turbine is divided into “stages” by means of dia- 
phragms which are secured to the casing of the turbine. This 
principle is easily understood if we consider that the turbine 
is made up of several single-wheel turbines in series. The 
first turbine working from an initial steam pressure of say 
280 pounds absolute to 75 pounds absolute, the second turbine 
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Fig. 1. 
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working from 75 pounds to 40 pounds, and so on throughout 
the series of turbines. Remembering that each turbine is called 
a “stage.” These diaphragms are made of steel plate (cast 
steel in some turbines) and have a special bushing around 
the shaft to prevent steam leakage. A sketch of this bushing 
is shown in Fig. 1. It is made of bronze, with V-shaped 
grooves cut around it, and is so constructed that, in case of 
any unusual expansion of the shaft or diaphragm, the bushing 
will spring a little. Besides the wear will. come on the small 
soft points of the grooves, which will wear down easily. 

The leakage, through a well constructed bushing, should be 
less than 5 per cent. The steam leaks directly into the 


28 
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next stage without doing any useful work, similar to steam 
leaking past the piston of a reciprocating engine. 

The latest type of Curtis turbine installed (H. M. S. Bristol) 
is a compound turbine. That is, it is divided into a high 
and low-pressure turbine on the same shaft, with a bearing 
between. That is to prevent having to use a long unsupported 
shaft. It increases the weight somewhat, but is a more eco- 
nomical turbine, as the number of stages have been increased 
thus reducing the pressure drop in each stage and thereby in- 
creasing the efficiency. 


NOZZLES. 


Steam expanding in a nozzle from a given initial pressure 
P’ to a given back pressure P", falls to a pressure in the 
throat of the nozzle which is about .58 of the initial pressure, 
regardless of the back pressure, provided the back pressure 
is not more than .58 of the initial pressure. 

The diameter of the turbine is quite large, so that for con- 
siderations of strength the steam pressure in the first stage is 
limited, otherwise an exceptionally heavy casing must be used; 
also there should not be too great a temperature range from 
the high-pressure end to the low-pressure end of the turbine. 

Pressures of not much over 100 pounds per square inch 
being desirable in the turbine, and as boiler pressures of 300 
pounds are common, it becomes necessary to use a nozzle 
which will expand the steam to a lower pressure than .58 of 
the initial pressure. Such a nozzle is called an expansion 
nozzle, and is shown in Fig. 2. The amount the nozzle itself 


enlarges depends on the final pressure desired. A nozzle which 
has the smallest section at the exit or mouth is called a non- 
expanding nozzle, and is the type used between the inter- 
mediate stages of the turbine. As used in the turbine this 
nozzle is practically of the same length as the expanding 
nozzle, but the walls are parallel, so that the area of the mouth 


is the same as at the throat. 
Fig. 3 shows a non-expanding nozzle, the pressure at exit 
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being .58 of the initial pressure, provided the back pressure is 
not higher. 

The nozzles for the intermediate stages are carried in the 
diaphragms between the stages. 

Steam expanding in a nozzle expands adiabatically, that is, 
without the addition or extraction of heat as heat, the heat 
given up being changed into velocity. The amount of heat 
converted into velocity is called the “heat drop” in the 
nozzle. 


y 
MMU 





Ulddddddllllidd 
Y 


Fig. 2. Fig. 3. 


Let P’ be 280 pounds absolute with 50 degrees F. superheat. 
And P” be 100 pounds absolute. 
From a total heat-entropy chart we get the following data: 
H’'=1,238.4 B.T.U. (Total heat in initial steam). 
H”=1,151.5 B.T.U. (Total heat in the steam after 
adiabatic expansion to 100 pounds absolute). 
H'—H"=86.9 B.T.U. (Heat drop in the nozzle. ) 
To find the theoretical exit velocity of the steam, use the 
formula :— V?—=2gh. 
WV? 
29 “g 


All heat given up is changed into kinetic energy 


The kinetic energy of the steam—K.E.—=3mV?= 


7” 


WI 
» K.E=; 


— h foot pounds. 


For 1 pound of steam W=1, and l’*==2gh, where 
V—Theoretical velocity of the steam. 
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Gravitational constant (32.2). 
Heat drop in the nozzles expressed in foot pounds. 
(H’—H")X778. (778 ft.-lbs. equals 1 B.T.U.) 
or V)==224V H, where H is the heat drop in the nozzles in 
B.T.U.’s. 


Substituting in the above example, wet get for the theoretical 
exit velocity of the steam, 2,086 feet per second. Owing to 
friction of the steam on the walls of the nozzle, the actual 
exit velocity is less than this. 


The smaller the angle between the plane of the nozzle and 


the plane of the wheel the more efficient is the action of the 
steam on the blades. For practical reasons this angle is made 
exactly 20 degrees for all except the last stage nozzles, where 
it is increased to 25 degrees. 

The nozzles are arranged in an arc of a circle and discharge 
directly against the first row of moving blades. When the tur- 
bine is designed, the approximate water rate is determined 
(pounds of water per horsepower per hour). Then, knowing 
the horsepower to be developed, the designer knows how much 
steam must flow through the turbine in a given time, and he 
is able to calculate the total nozzle area to deliver this amount 
of steam. The cross section of all nozzles throughout their 
length is rectangular, with slightly rounded corners. At the 
throats this cross section is a square with rounded corners. 
The radial height of the nozzles is kept practically constant 
throughout their length, so that all enlargement of the nozzle 
itself is lateral, the shape of the opening gradually changing 
from the square cross section at the throat to a long rectangle 
at the mouth. The total area calculated as above is increased 
about 30 per cent. to allow for overload. 

Blades of about one and one-half inches in height are used 
for the first row of moving blades, and this limits the radial 
height of the nozzle. 

The mouths of the nozzles form practically a continuous 
band, with just the necessary thickness of walls between. 
(See Barton, page 409.) ‘This is to give a continuous band 
of steam at exit. 





NOTES ON THE CURTIS TURBINE. 421 


If the steam did not issue in a practically solid band there 
would be large losses from eddy currents. When nozzles are 
opened care should be taken that adjacent nozzles are opened, 
even then there is a considerable loss at the two end nozzles. 

The nozzles for the first-stage cover an arc of about 45 
degrees, and as the steam expands from stage to stage its spe- 
cific volume increases. It being necessary to limit the height 
of the first row of moving blades, this extra volume must be 
allowed for by increasing the number of nozzles from stage 
to stage, until they completely fill the circumference of the 
diaphragm (about the 5th stage). From there on the size of 
the nozzle is increased, consequently the length of the blades. 

The steam in going through a stage does not spread very 
much, but goes through as a band of steam, just a little wider 
than the arc of the nozzles. From this it is seen that it is not 
necessary to have the intermediate fixed blades all around the 
periphery, except when the nozzles extend all the way around. 
The stationary blades extend only a little beyond the arc 
occupied by the nozzles. 

When running, the stage is filled with steam of the same 
pressure throughout, but the working steam passes through 
in a direct path. 

The only expansion of steam, in this type of turbine, is in 
the nozzles, therefore there is no tendency for the steam to 
leak over the tips of the blades as in the Parsons’ type, where 
there is a drop in pressure from one row to the next. 

To insure a constant pressure throughout a stage, holes are 
drilled through the disc wheels. 


BLADES. 


. 
The blades are usually made of bronze, which has been ex- 


truded through a die of proper shape. The metal comes out 
of the die in a long bar, which is then cut into pieces of the 
proper length for the blades, and the ends milled to shape. 
The blades are then assembled, by sections, in a steel chan- 
nel base, and the end of the blade riveted over. The chan- 
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nel base is sawed out to permit of flexibility, as it must then 
be bent to fit the rim. 

After the section is assembled on the rim the channel base 
is caulked in place, and a shroud ring put over the ends of the 
blades and the ends riveted over. ‘The shroud ring serves to 
keep the blades in their proper position and also makes a 
more rigid construction. 

Samples of Curtis blades are in the model room, and show 
the method of securing the blades in the channel base and 
shroud ring, also the method of sawing out the channel base. 

The rows of moving blades, in any stage, are far enough 
apart to allow a row of stationary or intermediate blades to 
be inserted between. ‘These stationary blades are mounted 
similarly to the moving blades and are secured to the casing 
of the turbine, their purpose being to reverse the direction 
of the steam and to direct it on the next row of moving 
blades at the proper angle. 

The blades in any particular row are exactly alike, but differ 
from row to row throughout the stage. The same quantity of 
steam flows through each row in the same time, and as the 
velocity of the steam decreases from row to row throughout 
the stage, the area for steam passage must be greater. This 
is done by making the blades longer, also by increasing the 
pitch (distance between adjacent blades in the same row). 

Fig. 5 shows the change in shape of the blade section from 
row to row. The blades becoming thinner and the angles 
larger, the stationary blades being curved in the opposite 
direction from the moving blades. Also see Fig. in Barton, 
page 409, which shows the arrangement of the blades and 
nozzles of a Curtis turbine. 

Owing to the large pressure drop necessary for the first 
stage it requires four rows of moving blades to extract the 


velocity, the other stages having three rows of moving blades, 


there being one row less of fixed than of moving blades. 

The object sought by the designer is to so design the tur- 
bine that the absolute exit velocity of the steam from the 
last row of moving blades in any stage shall be as low as 
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practicable, and that its direction shall be parallel to the shaft. 
A certain amount of residual velocity is necessary, so that the 
steam will get clear of the blades. 


ACTION OF THE STEAM IN THE TURBINE. 


The action of the steam in the turbine is as follows: 

Steam enters the steam chest at a little below boiler pres- 
sure; from the steam chest it is expanded through a set of 
nozzles, reducing the pressure and thereby gaining velocity, 


the amount of this velocity depending on the heat drop in the 
nozzle. The steam strikes the first row of moving blades at 
the angle at which the nozzle is placed, passes through the 
first row of blades, giving up some of its velocity; and issues 
in a jet against the first row of fixed blades. It passes through 
the fixed blades, where its direction is changed, and is di- 
rected against the second row of moving blades at the proper 
angle, and so on throughout the turbine. 

Fig. 4 is a theoretical velocity diagram, showing the action 
of the steam on the moving blade. The only difference be- 
tween this and an actual diagram is, that in the actual diagram 
allowance must be made for the friction of the steam on the 
blades, both moving and fixed. 

BD is the plane of the wheel carrying the blade. 

AB is the plane of the axis of the nozzle, and to scale, repre- 
sents the direction and velocity of the steam as it issues from 
the nozzle, and makes an angle of 20 degrees with BD. 

BC to the same scale represents the peripheral velocity of 
the blade. 

Then by compounding these two velocities we get AC as 
the relative entrance velocity of the steam. The angle ACD is 
the angle of the back of the blade, so that the steam may enter 
without shock. 

If it were not for friction the steam would leave the blade 
at the same relative velocity as it entered. In this example 
friction has been disregarded, and also the exit angle DCE 
has been made the same as the entrance angle, though in 
practice it is usually made smaller. 
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Then we have CE for the relative exit velocity equal to AC 
the relative entrance velocity. 








Fig. 4. 


To find the absolute exit velocity, the relative velocity must 
again be compounded with the blade speed (reversed this 
time). This gives CF as the direction and velocity of the 
exit steam. 

Let V==Absolute entrance velocity. 

V ,=Relative entrance velocity and relative exit ve- 
locity. 
V.==Absolute exit velocity. 

The kinetic energy of the entering steam per pound is :— 

wv? 


jmV? — 
’ 2g 


V? 
W = 1). 
og (V=1) 


The total energy extracted by the blade shown is :— 


2 72 t 2 72 [72 72 
4 OM t he _Y% }- d ae = ft.-lbs. per lb. of steam. 
2g 2g 2 2g 2g «2g 
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Fig. 5 shows a theoretical velocity diagram for a stage 
having three rows of moving blades and two rows of fixed 
blades. It shows the change in the shape of the blade from 
row to row, also the increasing angles of entrance and exit. 
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There being no restricted steam ports, and the exhaust pipe 
leading directly from the last row of moving blades to the 
condenser, the turbine can utilize a much higher vacuum than 
the reciprocating engine. 

An increase of one inch in vacuum from 27 inches to 28 
inches results in an increase in economy of from 6 to 8 per 
cent., exclusive of the extra power for the air pump, 29-inch 
vacuum and over is quite common in commercial practice, 
though 28.5 inches is very good on board ship. 


STUFFING BOXES. 


Where the shaft passes through the ends of the casing it 
is provided with carbon stuffing boxes, which prevent the steam 
leaking out at the ahead end, or air leaking in at the back end 
where a vacuum exists. Steam of 3 or 4 pounds pressure 
above atmosphere is led to the space between the carbon rings, 
thereby insuring that no air will leak in at the low-pressure 
end, causing a loss of vacuum, and allowing that much more 
air to get into the feed water. 
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Fig. 6. 


Fig. 6 is a section of the carbon packing rings. The carbon 
is in circular segments with a little end clearance to allow for 
wear. The segments are held in place by a key, and are 
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pressed against the shaft by springs, the joints of the two 


adjacent rings being broken. 


DRAINS 


Drains lead from the carbon stuffing boxes to one of the 
low-pressure stages. An external drain pipe, fitted with a 
valve, leads from a drain pocket in each stage, to the next 
lower stage, the exhaust chamber being drained to the main 
condenser by means of an ejector. 

These drains serve to clear the turbine of water, but should 
be kept closed except when actually in use. They should not 
be used when underway except when absolutely necessary, as 
they permit the steam to flow directly through the turbine 
without doing any useful work. 


CLEARANCES, 


The thrust bearing being at the forward end of the turbine, 
and thus fixing the relative positions of casing and rotor, the 
axial clearance is least at this end, being about one-tenth of 
an inch. This increases towards the low-pressure end, where, 
in very long turbines, it is as much as one-half of an inch. 
as the difference of expansions of casing and rotor must be 
allowed for. 

The axial clearance should be as small as possible, though 
the radial clearance does not make much difference, as there is 
no difference in pressure throughout the turbine stage. 

A clearance indicator is fitted on both ends of the turbine, 
by means of which the clearance between the moving and 
stationary parts can be ascertained. The clearance should 
always be taken and recorded before starting to warm up, 
when ready to get underway, and when well underway. 


GOVERNING. 


Governing is done both by the nozzles and the throttle valve. 
The proper number of nozzles are opened to assure the desired 
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number of revolutions, and the final adjustment is made with 
the throttle valve. Care should be taken to see that all nozzles 
in use are fully open. 


BALANCING. 


When the rotor is assembled it is very carefully balanced 
on knife edges, as any unbalanced weight at the high speed of 
revolution might cause considerable damage, even wrecking 
the turbine. 

To partly balance the propeller thrust, the last few stages 
(6th, 7th, 8th and 9th of the North Dakota) are mounted ona 
drum instead of on wheels. The steam pressure acting on 
the forward face of the drum, counterbalances the thrust of 
the propeller and the exhaust pressure on the after face of the 
drum. Theoretically this totally balances at just the designed 
speed, but it nearly balances at all speeds, so that only small 
thrust block is necessary, the principal object of which is to 
hold the turbine rotor in accurate adjustment, and to take the 
thrust when reversing. 


REVERSING. 


The turbine is a unidirectional machine, therefore it necessi- 
tates the use of another turbine for reversing. The reversing 
turbine is mounted on the same shaft as the main turbine, and 
has the same exhaust chamber. 

On the North Dakota there are twenty ahead nozzles, four 
of which are always open, the other sixteen being independ- 
ently operated by screw-down valves. 

For reversing there are sixteen nozzles, ten of which are 
always open. 

When the signal comes to reverse, it is necessary to shut 
off the ahead throttle and then open the astern throttle, but no 
damage would result if one of the throttle valves was not 


entirely closed when the other was opened; the turbine would 


revolve in the direction in which the most power was exerted. 
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The losses in the turbine may be divided as follows: 


1. Steam friction in the nozzles. 
Steam friction in the blades. 
Resistance of steam on revolving surfaces. 

4. Loss due to absolute exit velocity of the steam from the 
last row of moving blades in each stage. 
Radiation. 
Bearing losses. 

7. Losses between nozzles and moving blades, and between 
the fixed and moving blades. 

. Leakage through the diaphragm bushings. 

9. Loss due to windage, reverse turbine revolving in a par- 
tial vacuum. 


Advantages Claimed for the Curtis Over the Parsons Turbine. 


1. About 1-40th the number of blades that are required in 
the Parsons. 
Blades are heavier and fixed in a more substantial manner 
Large radial clearances permissible. 


Fewer number of turbines required for the same economy. 
Higher steam pressures and superheat are permissible, as 
the greatest pressure in the casing is only 14 the boiler 
pressure, thus permitting the use of large diameters and 
lower revolutions. 


No dummy pistons necessary, thus reducing the leakage 
and allowing larger clearances. 

7. Lower revolutions, thus permitting the use of larger pro- 
pellers, thereby increasing the propeller efficiency. 
No danger from reversing instantly, owing to the large 
clearances. 
Better control of the steam entering the turbine. 
No danger from priming. The blades are large and se- 
cure so that water will not injure them, the turbine slow- 
ing down in case the boilers prime. 
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CARE AND OPERATION. 


The turbine should be warmed up very carefully, from three 
to four hours being required, turning the turbine a quarter 
of a turn every ten or fifteen minutes with the turning engine. 
It is better to start the Curtis turbine cold than only partially 
warmed up. When getting underway the speed should be 
worked up gradually. 

In warming up, steam should be admitted at both ends of 
the turbine. Start all auxiliaries the same as for reciprocating 
engines. 

Turn steam on carbon packing glands. Flood the bearings. 

Open all drains and clear turbine of water; carefully ex- 
amine forced-lubrication system and see that everything works 
properly. 

When steam is on main line, crack the by-passes of the ahead 
and astern operating valves so as to warm up piping and 
steam chests. 

About one-half hour before getting underway disconnect 
turning gear and see everything clear. 

In trying the turbine, open steam to the ahead end, just 
enough to move it several revolutions, shut off ahead and 
do the same with the reverse end. 

Take clearance before warming up, and when everything is 
ready to get underway and when going ahead at full speed. 
When underway, open enough nozzles to give the required 
speed and make small changes with the throttle valve. Nozzles 
should be open all the way and not partly open. 

To increase the economy turn the auxiliary exhaust into one 
of the low-pressure stages according to the pressure. 

When securing, care should be taken to see that the turbine 
is free from water before the air pump is secured. 

Owing to relatively small clearances in the turbine great 
care must be exercised in all adjustments. 
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CURTIS TURBINE DESIGN. 


By LIEUTENANT ORMOND L. Cox, U. S. N., MEMBER. 


Graduate of the School of Marine Engineering. 


The Curtis turbine is of the compound impulse type, and 
it is necessary in taking up the study of its theory to first con- 
sider the action of a jet of moving steam on a fixed plane, and 
afterwards on a moving plane. 

In the theoretical study, the planes are all assumed to be 
ideal; that is to say, without friction, and infinite in extent 
so far as the action of the steam is concerned. 

The kinetic energy of a moving body is given by the 


° > I 7 
formula from Mechanics: K. £.= 3 V*; the momentum by 


M=mlV ; and if the jet is constrained to move in a curved 


72 
path, the centrifugal force C. ram! 
A 


Where #=—Mass of the body ; 
V=Velocity ; 
yr =Radius of curvature of the surface. 


Replacing m by its equivalent si where W is the weight 
, 4 


of the body and g is the gravitational constant, we get : 
WV? 
2g” 


7 [7 
LLG 


K. £.= 
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Let a jet of steam impinge perpendicularly on a plane at 
rest. 


The momentum of the jet destroyed in the time ¢ is 


™ 


and the impulse given to the plane in the same time is /*, 
where is the total normal pressure on the plane. There- 
WV 
fore, P=——. 
£& 
In Fig. 1, let X— Y be any plane, the jet striking it perpen- 
dicularly at A. The plane moving to the right. 
Let AB=V=Velocity of the jet in feet per second. 
AC=u=Velocity of the plane in feet per second. 
Then CB=l,=Relative velocity of the jet with respect 
to the moving plane, or the velocity with which the jet strikes 


WV, _W 


the plane, and then from above P= - (V—2). 








ee eer 


/ 
~* 
1 





Y 

Fig. 1. 

The jet is deflected so that it flows off the plane in all di- 
rections with a velocity V—-u relatively to the plane. Draw 
CD=CB perpendicular to AP, then AD is the absolute 
velocity of the jet relative to the earth, or fixed surroundings. 

Let this value be represented by VV’. 

The work done per second is 


og (Vay but VV uy +0 
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Therefore work= 


: ; y2—_p3 oe 

= (V—z), and the efficiency Pent Ed a rw | 
The velocity of the plane that gives maximum efficiency 

is found by differentiating the expression for efficiency, and 


equating the first differential coefficient to zero. 
PO aia ; “2 ti. 
Vy? du V? 
4u=2V. 
Vv 


u——. 
2 


That is, the plane should move with half the velocity of the 
jet and maximum efficiency=50 per cent. 


In Fig. 2, let the jet enter the vane at A, the impulse is 
WV ' ; ' 
equal to = 9 and the reaction of the jet as it leaves the 


77 


vane at B is P= in the direction shown. The total 


force P is equal to the sum of the resolved forces PF, in the 
direction of P. Let @=Total angle subtended by the vane. 
Then 





P=P,+ P,=P,+P, cos 0= — (1 +cos 4). 


The side thrust on the vane, at right angles to P, is 


P, sin tiie K sin 0. 
& 
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In the above example, P is taken parallel to the entering 
stream. 

If the entering stream makes the angle a with the direction 
of P, and the leaving stream makes the angle f, we would 
have for the general case : 


4 


P=P, cos «+P, cos 3: A (cos 4-++-cos f). 


If the vane moves with the velocity uw, then the velocity of 
the jet relatively to the vane is /—w, and substituting in the 
above equations, /—z for V, we have: 


, W 
P==- V—zu) (1-+cos @). 
r ( )( ) 
P== (V—n) (cos a-+-cos /3). 


The velocity of the vane being w, the work done per sec- 


7; 
ond is Pu=—— (V—ux) (1+ cos 6), which is a maximum when 


ua’; Substituting this value of w in the expression for 


ak hue Oe 
work, we get: Work done per second= - (1+cos @). 


re , wv? 
Kinetic energy of the entering stream———. 
_ Work done WI (1+cos#) WV?_1-+cos 4 


Efficiency => — a ; ‘a ree 


and assuming the stream to enter the blade, as in Fig. 2, the 
efficiency is seen to depend on the exit angle @. 
6=180°, ¢=0; §=90°, e=.5; 9=0, e=TI. 
In Fig. 3, let dB=V=Absolute velocity of the steam leav- 
ing the nozzle; 
BC=EF=u= Blade velocity ; 
AC=V, =Relative entering velocity of the 
steam ; 
DE= lV, =Relative exit velocity of the steam ; 
DF=V, =Absolute exit velocity of the steam. 
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Fig. 3. 


Then whatever the angles of entrance and exit may be, 
the energy extracted per pound of entering steam is: 
72 72 7 2 72 ; 72_ prs y2— yp? 
cont 1. Ves and the efficiency=! df : 3. 
2g ag ag ag y* 


FLOW OF STEAM THROUGH NOZZLES. 


The general equation for the adiabatic flow of elastic fluids 


is £,+ p,v,+ _ =F, +- pyt.+ a The total energy of the 
fluid remains constant. 

The subscript , indicates initial conditions and the sub- 
script , final conditions. 


#£=Intrinsic energy of the fluid ; 
p =Pressure ; 
v =Specific volume at pressure J; 
V=Velocity. 
Then by neglecting the initial velocity /,, which is usually 
very small, and rearranging, we have : 


l 


op Eth htr ss (2) 
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The right-hand member of this equation represents the 
total change in internal energy and external work done upon 
and by the substance during its expansion from /,v, to £,v., 
and since the changes have been due solely to the work 
done by the heat energy in the substance, the resulting 
= ree per pound of the issuing jet, is 

2gs—«éag 
numerically equal to the amount of heat energy each pound 
of the substance has given up during its expansion from /,2, 


to J,v». 


Let //,=Total heat of the substance at state point 4,2, ; 
/7,=Total heat of the substance at state point £,z,. 


kinetic energy, 


Then for each pound of substance, the kinetic energy of the 
jet flowing from the nozzle is 


72 
a =(H,—H,)X777.5 foot pounds ; 
Vi = 2g 777-5 X (44 —42,) ; 
Vi=V 2g X777-5 *(H,—A,) ; 
=223.7 J f1,- ile be ee. a en oe (2) 


From this the theoretical exit velocity of the jet can be 
computed. 


1 B.T.U.=777.5 foot-pounds of energy. g=32.17. 


If a gas expands adiabatically; that is, without the addi- 
tion or extraction of heat as heat, the equation of the curve 
of expansion is puv+=f,v,*=f,v,", etc., where & is the ratio 
of the specific heat of the gas at constant pressure to that at 


op 
constant vol ume=~ ; 


Let a quantity of gas be at the state point £,v,, and expand 
adiabatically to ~,v, The external work done is 
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% 


w= J bev = pv," (5 do _ 


, 


ve a ( : kt 
(5—-a5) Fo aah ae \ - (3) 


No heat being added, the external work is limited in 
ainount to the intrinsic energy at 4,v, Expanding to infi- 
nitely low pressure ~,, v, becomes infinitely large, so that 


7:0, and the expression for the work becomes, W= Ai”! 
v k—tI, 
“2 


which is the total intrinsic energy of the gas at f,v,, and is 


2U) 
equal to £,. Consequently, £, Pas, 


Equation (1) can now be written 


V2 v U, k 
- a pts t Air, —p.22= p_ Ai? —P22). - (4) 


Since £,v,4 =f,v7,*; ~,7,=f,2 A(- \ ’ po(S)*, 


Therefore, 2? <pei(e;){ + (6) * 


or 


Let A,=Area of orifice in square feet. 
Then the volume flowing per second is 4,/4, and the 
. : Ma 
weight /, flowing per second is —°-. 
VU, 


But v,=v, (Aye; Therefore, the equation for flow is: 


Pa Ael fet A) { EGY 
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Which is Zeuner’s equation for the flow of gases. 
—=Flow of gas in pounds per second. 
A,=Area of orifice in square feet. 


k=Ratio of specific heats—"*, 


f,=Initial pressure in pounds per square foot. 

f,=Final pressure in pounds per square foot. 

v,—Initial specific volume in cubic feet per pound. 
=Final specific volume in cubic feet per pound. 


Equation (6) is evidently a maximum when the part in 
( 2 k+t ) 
k 3 k ° . 
brackets < £1) wnt a, > is a maximum. 
Na) “Val 
Differentiating this expression with respect to Z, ( f, being 
regarded as constant), and equating the first differential coeff- 


cient to zero, we get: 
k 


&—(;7.)" p RE 5 ee 


p, is now the pressure at the throat (smallest cross section) 
of the nozzle. Replacing it by ~, and substituting in the 
above equation of Zeuner’s (6), we get : 


roan 28 ( (2) Ay ee 


The different letters having the same significance as before. 

For initially dry saturated steam, & has the value 1.135, 
and for highly superheated steam this increases to 1.34 or 
more. 

The following table gives the flow of steam in pounds per 


second for the different values of & The value of 2 being 
1 


obtained from equation (7), by substituting the different 
values of & When using these equations for the flow of 
steam, the back pressure must be as low or lower than /,. 
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Po F 
p 


1.135 ; 3.604 A, 


1.20 -5045 3.678 “* 
1.25 +5549 3-732 “ 
1.30 -5457 3-784 “ 
1.333 -5398 3.817 “ 
Expressing 4, in square inches and / in pounds per square 
inch, the equations for flow become : 
k F 
I.I .3003 A, [A 
35 3003 “40 VJ 2, 
1.20 ea 
1.25 g7ae-F-:? 
1.30 = 
1.333 o> 


The value of 2’ remains constant regardless of what the 
1 


initial or back pressure may be, provided the back pressure 
is as low or lower than Z. For initially dry saturated steam 


the equation for the flow is F=.3003 A, No, Pr, 


Grashof gives the equation F=.01654 A, p,°™. 
Napier gives the equation re 


Grashof’s equation is very nearly expressed by path j 


which practically agrees with Zeuner’s equation for initially 
dry saturated steam. This last equation may be written 


60F ; ; : : 
ai 37» Which gives the area in square inches necessary to 
1 


pass a given amount of steam per second. Zeuner’s theoret- 
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a 
ical equation may be expressed by F=K, 6 for initially 
I 


dry saturated or superheated steam (provided you can obtain 
the initial specific volume). For wet steam, neglecting the 
volume of water present, which is small, this equation be- 


comes F=K. A, which shows that the flow of wet steam 
il gat 
is inversely proportional to the square root of the initial 
quality x,. 
Grashof’s formulae may now be written 


bof x, , 


Fah * : A = 
60} 2, A 


for x,=1, these equations become the same as those given 
before. 
For Grashof’s formulae, a curve can be drawn showing the 


values of - which will simplify the computations. None 
1 

of these equations are of any use, however, unless the pres- 
sure at the throat drops to about .58 of the initial pressure or 
lower, which in the Curtis turbine is only in the first stage 
and a few of the last stages. For the Curtis turbine, the fol- 
lowing method is used: Locate the point of initial steam con- 
dition on a total heat-entropy chart, also locate the point of 
steam condition in the throat. The latter point is on the 
pressure line corresponding to the throat pressure, and at the 
same entropy as the initial point; the expansion in the noz- 
zle being assumed adiabatic (isentropic). 

Then take off the “heat drop” in the throat, equal to the 
difference in total heat between the two points, and calculate 
the throat velocity from the formula V=223.7;/ H,—A,, and 
with a velocity Y calculate the volume flowing per second = 
A,V 
‘144’ 
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Where A,=Area of the throat in square inches ; 

V=Velocity in feet per second ; 

v= Actual specific volume of the steam in the throat. 
AV 
1442, 

For initially superheated steam we must have steam tables 
such as those of Marks and Davis, which give the properties 
of superheated steam. If these are not available, the specific 
volume may be worked out by means of the following equa- 
tion, modified from that of Knoblauch, Linde and Klebe: 


Then the flow in pounds per second= 


pv=0.59627—p(1 + 0.001 4p)(' aa 0.0833), 


Where /=Initial pressure in pounds per square inch ; 
7=Initial absolute temperature ; 
v==Initial specific volume. 
It is much simpler to modify Grashof’s formulae as follows : 
Ap," 60F(1 +.00065D) 


- 60(1 +.00065D)’ “*° py? 


Where D is the superheat in degrees Fahrenheit. 
BLADES. 


Fig. 4 shows the method of laying out the blades of a Cur- 
tis turbine. 

The pitch # is decided upon (between } inch and 1 inch), 
about ? inch beiug good practice. The width w is also de- 
cided, 4 being from .6 to .7 of w. The pitch and the axial 
width of the blades usually increase when the length of the 
blades is increased. 

Lay down points 1 and 2, as the edges of two successive 
blades, distance apart J, and through them draw lines making 
the angle a (entrance angle of the blades) with the center 
line of the blades. 

Through point 2 draw a line perpendicular to the line 
through point 1; where this perpendicular intersects the cen- 
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ter line (5) is the center for describing the circular back of 
the first blade and the circular face of the second blade. 
Locate points 3 and 4 perpendicularly below 1 and 2 and dis- 
tant w from them. Through 3 and 4 draw lines making the 
angle =a (=exit angle of the blades) with the center line. 
Complete the construction by drawing inthearcs. In laying 
out the blades the angles a and f are made equal. If they 
are not to be equal on the blades, draw the angles a and § 
equal to $(a+/3), and when the ends are milled to fit the 
channel base the milling cutter should be set at an angle 
equal to $ (a—f) from the center, so that when the blades are 
mounted they will be at the proper angles. 
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Fig. 4.—SHOWING CONSTRUCTION OF BLADES. 


p = Pitch of blades. 

w == Width of blades. 

a = Entrance angle of blades. 

f = Exit angle of blades. 
p sin 4= Perpendicular width of steam passage at entrance. 
p sin p= Perpendicular width of steam passage at exit. 


This method of construction gives practically a constant 
perpendicular width for steam passage (sin a or fsin /) be- 
tween the blades. This method should not be used if the 
angles a and f differ by a large amount. But as in practice 
they differ by only a few degrees, it is permissible to use it. 
Theoretically the width of the steam passage should be least 
at the middle of the blade, owing to the centrifugal action of 
the steam. 
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The clear area through the blades at entrance is fA sin a, 
and at exit is #sinf, where / is the pitch of the blades and / 
the radial height of the blades. The relative velocity of the 
steam is less at exit than at entrance, owing to friction of the 
steam on the blades, so that for equal angles of entrance and 
exit the height at exit should be greater than that at entrance, 
and as the exit angle is usually made smaller than the entrance 
angle this height is increased still more. The end of the 
blade should be inclined, that is, the exit side should be 
longer than the entrance side. ‘The increase in length being 
equally divided on each side of the center line of the blades. 


NOZZLES. 


As shown before, the pressure at the throat of a nozzle is 
about .58 of the initial pressure for initially dry saturated 
steam, and as it is desirable not to have too great a pressure 
in the casing, nor a large temperature range from one end of 
the turbine to the other, the nozzles for the first stage are so 


made as to expand the steam to a lower pressure than .58 of 
the initial pressure. This is done by having the nozzles 
themselves expand; that is, increase in cross-sectional area 
from the throat to the mouth, the amount of increase depend- 
ing on the final pressure desired in the first stage. The length 
of the nozzle necessary also depends on the amount of expan- 
sion desired, the expansion of the linear dimensions of the 
nozzle being about 1 in 12. 

The nozzles for the intermediate stages are made non- 
expanding ; that is, the walls of the nozzles are parallel, the 
pressure in the throat being the same as the back pressure. 

It is better that the first-stage nozzles under-expand than 
over-expand, as it has been determined from experiments 
that the loss from under-expansion is less than from the same 
amount of over-expansion. 

Fig. 5 is a sketch of an expansion nozzle. For Curtis tur- 
bines, the cross section at the throat ¢ is a square or rectangle 
with rounded corners, 
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The radial height of the nozzle is kept practically con- 
stant, so that all expansion is lateral. A nozzle could not be 
used that was cut off at the end of the expanding portion 
(a—c in sketch) at right angles to the axis, it being obvious 
that an extension or “ tail’? a—d is necessary to properly di- 
rect the steam on the blades. 


Fig. 5.—EXPANSION NOZZLE. 


¢ = Throat. 
6c = Mouth. 
m = End of expansion. 


Area of m 


Expansion ratio = 
Area of / 


In order to avoid spreading the jet and making the ratio 
of expansion uncertain, this tail is often made non-expanding ; 
that is, with walls parallel to the axis of the nozzle, as shown 
in Fig. 5. 

From Fig. 5, =m cosec 4; where 4 = angle between the 
axis of the nozzle and the plane of the wheel. 

m=Width of the nozzle at the end of expanding portion. 

L=Width of the nozzle at the mouth. 

Knowing the amount of steam passing through the turbine 
in a given time, we can calculate the total throat area neces- 
sary, and then decide upon the number of nozzles. 


Let L—Length of the mouth 4—c in inches; (Fig. 5.) 
n= Number of nozzles ; 
h==Height of blades in inches ; 
a—=Entrance or exit angle of blades; 
V,=Relative velocity of the steam in the blades. 


axXLXhXsin a - 


144 


Net area between the blades for 
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the passage of steam in the arc occupied by the nozzles. 
This expression multiplied by the relative velocity of the 
steam, gives the volume of steam passing per second. 

If F=Weight of steam flowing through the turbine per 
second, and 

v=Specific volume of the steam (vx for wet steam), then 
we have 


Fv=Volume of steam flowing per second ; 
=aXLXhkXV,xsina , 
144 ; 


prem FXvX144_—Cg 
~ aXLXV,Xsina’ 


which gives the neeessary height of the blades. As noted 
before, this height should be calculated for both the entrance 
and exit sides of the blades, ample allowance being made to 
prevent the steam spilling over the ends of the blades. 

The blades for the first row should be about 1.5 inches in 
height, which limits the radial height of the nozzle. This 
holds good only to about the fifth stage, where the nozzles 
completely fill the circumference of the diaphragm ; beyond 
the fifth stage, the height of the nozzle is increased, and there- 
fore the length of the blades must be increased. 

When the nozzles are increased in size, it is a good policy 
not to increase the width of the nozzle any more than neces- 
sary, but to increase the radia! height, keeping the nozzle 
comparatively narrow. 

The length of the mouth Z should be kept small, as this 
reduces the loss due to eddy currents, which are set up in the 
jet of steam as soon as the jet leaves one of the restraining 
walls of the nozzle. 

Having gone over the theory of the impulse turbine and 
the flow of steam through nozzles, I will now work out the 
design for the principal parts of a turbine with the following 
assumed specifications : 
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Specifications. 


Number of stages ahead, . , ; ‘ , roy 
Pitch diameter, inches, . . : : ‘ ‘ - 144 
Revolutions per minute, . ‘ ‘ , . . 230 
Shaft horsepower, ‘ : ‘ 14,500 
Initial steam conditions, . 180 lbs. she. an 100° F. superheat. 
Final steam conditions, ; ‘ I.5 pounds absolute. 
Rows of buckets on Ist stage, . ; : ‘ a ig 
Rows of buckets on 2d to oth stages, . , ; eg 


Energy. 


B.T.U. at 180 pounds and 100° superheat, . ; 1,254.3 
B.T.U. after adiabatic expansion to 1.5 lbs. abs., 924.0 


Total available energy in B.T.U. per pound, 330.3 


‘230X12Xz 


ms =145 feet per second (about). 


Bucket speed= 


Desired pressure in shell of rst stage, Ibs. abs., . . 
B.T.U. in steam after adiabatic expansion from initial 
conditions to 70 pounds, absolute, . ; : 1,171.3 
B.T.U. drop in 1st stage nozzles, , ‘ 83.0 
Theoretical jet velocity for Ist stage, docbebsetide, 
=227-3V 83= ‘ : j 2,038 
Loss in velocity from curve, ‘tenis secu, ‘ , 138 


Actual exit velocity, foot-seconds, ‘ ‘ . 1,900 
Nozzle angle, degrees, ‘ ‘ ‘ . ; 20 


From the velocity diagram for the first stage, we get the 
efficiency to be 47.3 per cent., and the B.T.U. used=83 x 47.3 
per cent.—39.3. The remainder of the B.T.U. being given 
back into the steam as reheat. 

B.T.U. in Ist stage receiver=1,254.3—39.3—=1I,215.0. 
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Steam condition in the rst-stage receiver 70 pounds absolute 
and 68 degrees superheat (pressure 70 pounds and total heat 
1,215.0 B.T.U.). 


Fig. 6.—VELociTy DIAGRAM, FIRST STAGE. 


NoTE.—Figures inclosed in circles are the entrance angles of the blades. 


Extractions : — 1,900* — 1,764” = 498,304 
1,548* — 1,413” = 399,735 

1,260? — 1,125” == 321,975 

Eff, -— 1:965,098 1,012 — 877 = 255,015 
i 2,038" 803" -- 670? = 195,909 

= 47.3 percent. 6227— 493° = 143,835 
463*— 344° = 96,033 

3267 — 228*= 54,292 


1,965,098 _ 
ae 30,544 ft. Ibs. 


B.T.U. in steam after adiabatic expansion from 70 pounds 
abs. and 68 degrees superheat to 1.5 pounds abs., 956.0 
B.T.U. available for 2—9 stages = 1,215.0 — 956.0 = 259.0 
Equally divided between eight stages gives 32.4 B. T. U. 
per stage. Owing to the fact that the constant-pressure lines 
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on the total heat-entropy chart are not parallel, but diverge, 
we would not arrive at the final pressure desired, 1.5 pounds 
absolute, if we used a heat drop of 32.4 B.T.U. per stage, but 
would be at a higher pressure. 

It is therefore necessary to use a reheat factor by which the 
theoretical heat drop must be multiplied to give the necessary 
heat drop per stage. This could be derived by a cut-and-try 
process on the total heat-entropy chart, but it is long and 
tedious. 

* “Tt will be found by trial and adjustment that if the the- 
oretical heat drop per stage, which we may designate by the 


symbol - mel be multiplied by the empirical factor 1+ A, we 


will have the heat drop per stage which will give an actual 
equality in the quantity of energy developed in each stage, 
In the above empirical factor the value of A is found by the 
equation 


K=0.00056("—") AH (1—E).” 


/\ H=Total available heat drop=259.0 B.T.U. ; 
n=Number of stages=8 ; 
£=Probable internal efficiency of each stage—about 61 
per cent. ; 
K=0.00056 X § X 259 X 0.39=0.04949 ; 
Reheat factor=1 + A=1.04949. 
Heat drop per stage= 32.4 X 1.04949= 34.0 B.T.U. 


The method of Cividing the energy equally between the 
different stages is much simpler than to separately design each 
stage, allowing the pressure to drop to about .58 of the pres- 
sure in the receiver of the preceding stage. In the former 
case the pressure in the throat is equal to the back pressure 
in the stage, and for the first half of the stages is usually 
higher than .58 of the pressure in the preceding stage, and for 


* Forrest E. Cardullo, in the ‘Journal of the American Society of Mechanical Engineers,” 
February, 1911. 
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the last half is equal to or lower than .58 of the preceding 


pressure. 

Theoretical jet velocity for 2-9 stages, foot-seconds, 
=223-7V 341,305 

Loss in velocity from curve, foot-seconds, . ‘ ; 61 


Actual nozzle velocity, foot-seconds, : . . 1,244 


Nozzle angles are all 20 degrees, except for the last stage, 
where they are increased to 25 degrees to allow freer passage 
of the wet steam. 








Fig.'7.—VELocity DIAGRAM FOR SECOND TO EIGHTH STAGES, INCLUSIVE. 
NoTE.—Figures inclosed in circles are the entrance angles of the blades. 


Extractions : — 1,244? — 1,109” = 317,655 
1,0047— 869? == 252,855 

Eff, — 1:055,746 7977 -— 664? = 194,313 
1,305? 6162 — 4877 = 142,287 

= 62 per cent. 4587 3387 95,520 
3202 — 222? 53,116 


1,055,746 16,410 ft. lbs. 
a 
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From the velocity diagram for the 2d to 8th stages, inclu- 
sive, we get the efficiency to be 62 per cent., and the useful 
B.T.U. to be 34 X62 per cent.==21.1. 

The curves giving the loss in velocity are derived from ex- 
perimental data, the loss being proportional to the zth power 
of the velocity, so that the equation of the curve is of the 
form Loss=sl*. 

The curves given are not for any particuiar turbine, but 
are only approximate. These curves should be obtained from 
an actual turbine of similar construction. The blade loss is 
shown the same for fixed as for moving blades, but experi- 
ments should be made to determine whether or not the loss 
is not greater in moving blades than in fixed blades. 

High superheat decreases the loss due to friction as well as 
the rotation losses. It is, therefore, economical to use super- 
heat, though more than 150 degrees superheat does not ap- 
pear to be beneficial. ° 

The higher the pressure and superheat, the greater the 
available energy per pound of steam, but it will only be from 
an extensive series of experiments that we will be able to de- 
termine the most economical pressure and superheat to be 
used on any particular type of turbine. 

In designing a turbine of this type it is necessary to have 
an accurate total heat-entropy chart, made to a large scale. 
The steam tables can be used, but they require an enormous 
amount of labor, whereas with the chart it is a simple matter, 
as all the expansions are isentropic. 


Nozzle Calculations for the First Stage. 


Initial steam, . 180 pounds absolute, 100 degrees superheat. 
Throat pressure, pounds, . ‘ 180 X.5555==100 
First-stage receiver pressure, pounds, . ‘ ‘ 70 
B.T.U. per pound of initial steam, ; ‘ . 1,254.3 
B.T.U. per pound after adiabatic expansion to 100 

pounds absolute, ‘ . . > , 1,200.8 
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B.T.U. per pound after adiabatic expansion to 70 
pounds absolute, ; ‘ ‘ ‘ ; ghee 
B.T.U. given up in throat, . ; ; ‘ ; 53-5 
nozzle, . , ‘ : 83.0 
Velocity of steam in throat, ft.-secs., 223.71 53.5= 1,636 
at mouth, ft.-secs., 223.7)/83.0= 2,038 
Quality of steam in throat, superheat, degrees, ; 26 
at mouth, . . .99I 
Specific volume of steam in throat (100 siailes onl 
26 degrees superheat), . , 4.62 
Specific volume of steam at mouth (70 pees, 
quality .991), ‘ ; ‘ 6.144 
To find the expansion ratio ne Setliebiais formula is used: 


A,,= Area of mouth ; 

414 

V,,=Velocity at mouth. 

V,=Velocity in throat. 

V=-—Actual specific volume at mouth. 

v, =Actual specific volume in throat. 

Ay 1,636 6.144. 

A, 2,038 X 4.62 
nozzles. 


1.07-—=Expansion ratio of first-stage 


For a turbine of the size and design above we are safe in 
assuming an overall full-load water rate of about 14 pounds, 
which gives a flow of 56.4 pounds per second through the 
first-stage nozzles, and allowing a loss of 5 per cent. through 
the diaphragm bushings, gives a flow of 53.6 pounds per sec- 
ond through the other nozzles. 

Total area required for throat of first-stage nozzles, 


56.4 X 4.62 X144 _ 

—_— = 
Total area at end of expansion, sq. ins. =22.93 X 1.07=24.53 
Use 16 nozzles, area at throat of each, square inches= 1.433 


square inches 
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Area at end expansion of each, square inches,= . 1.533 
Nozzles to be 1.3 inches high by 1.1 inches wide. 

Width of nozzles at end of expansion, inches, = 1.18 

Length of nozzle mouth, inches=1.18 cosec 20° 3-45 


Allowing a thickness of 0.1 inch for the walls at the 
mouth of the nozzle and four extra nozzles for overload, gives 
a length of nozzle opening of about 71 inches=about 55 de- 
grees arc for first-stage nozzles. 

















Fig. 8.—VELocity DIAGRAM FoR NINTH STAGE. 
Figures inclosed in circles are the entrance angles of the blades. 


Extractions : — 1,244” — 1,115? — 304,311 
1,009? 880? — 243,681 

Ef, — 1:017,106 807*— 678? = 191,565 
1,305” 6207 — 498” = 136,396 

59-7 percent. 463*— 352°= 90,465 

3327 — 244*= 50,688 


3,017,106 __ ft. Ib: 
os 15,809 ft. lbs. 
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For the second and succeeding stages, the same general 
method is used, increasing the height of the nozzle (within 
practical limits) in preference to increasing the width, when 
it becomes necessary to increase the size of the nozzles (sixth 
stage). 

From the second to fifth stages, inclusive, use nozzles 1.8 
inches high by 0.9 inch wide. For the remaining stages, 
the height must be increased as the nozzles completely fill the 
circumference of the diaphragm. 

The exit height of the blades is calculated by the formula 
given before : 


,—_144 xFXv 
~ axXLKXV,Xsina’ 


Exit height of 1st row of blades, Ist stage, ins., 1.72 (moving). 
2d 2.15 (fixed). 
3d 2.72 (moving), 
4th 3-30 (fixed). 
5th 3-80 (moving). 
6th 4.35 (fixed). 
7th 5:10 (moving). 


From the velocity diagrams it is seen that the first few rows 
do practically all of the work, so in order to reduce the height 
of the last row of blades, the angles of these blades should 
be increased over that shown on the diagram. This would 
reduce the theoretical efficiency somewhat, but at the same 
time it reduces the windage loss due to long blades, and gives 


a freer passage for the slow-moving steam through these 
blades. . 


TOTAL HEAT—ENTROPY CHART. 


In the accompanying total heat-entropy chart the horizontal 
lines are lines of constant total heat ; the vertical lines are 
lines of constant entropy; the curves slanting up and to the 
right are lines of constant pressure ; the curves slanting down 
and to the right are lines of constant quality or constant super- 
heat. 
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The saturation curve is marked on the diagram and gives 
the steam properties of saturated steam at the various pres- 
sures. The part of the diagram below the saturation curve 
gives the properties of wet steam, and the part above the sat- 
uration curve gives the properties of superheated steam. 

In designing an impulse turbine, the point representing the 
initial steam condition (4 =180 pounds and 100 degrees super- 
heat) is first plotted, and then the point representing the ex- 
haust conditions, assuming adiabatic expansion (P=1.5 
pounds). The latter point ison the pressure line correspond- 
ing to the exhaust pressure and at the same entropy as the 
initial point. 

The distance between 4 and / is the total available energy 
per pound of steam in B.T.U.=1,254.3—924.0= 330. 3. 

The pressure desired in the first stage being 70 pounds, 
locate point B at the intersection of the 70-pounds pressure 
line and the entropy line passing through 4. The distance 
from A to # gives the B.T.U.’s available for the first stage 
=1,254-3—1,171.3=83.0. From the velocity diagram for 


the first stage, we found that only 39.3 B.T.U. were changed 
into useful work, the remainder being given back intothe steam 
as re-heat. The total heat remaining in the steam after it 
has passed through the first stage—=1,254.3—39.3==1,215.0 
B.T.U. The intersection of the 70-pound line and the 1,215.0 
B.T.U. line locates ', the steam condition in the first stage 
receiver. 


B'P' is the available energy per pound of steam left in the 
steam after it has passed through the first stage and equals 
I,215.0—956.0=259.0 B.T.U. to be equally divided between 
eight stages. By means of the reheat factor we found that 
there should be 34.0 B.T.U. drop per stage, and from the 
velocity diagram for the second—-eighth stages, we get the effi- 
ciency to be 62 per cent. or a reheat of 38 per cent.—12.9 
B.T.U. 

Similarly for the ninth stage we get an efficiency of 59.7 
per cent., and a reheat of 13.7 B.T.U. 

The various points are located on the total heat-entropy 
chart, as follows: 


NOZZLE CALCULATIONS. 
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C is the steam condition in the throat of the second stage 
nozzles, and is at the same entropy as B’, but has a total heat 
of 34.0 B.T.U. less than 2’. 

C' is on the same pressure line as C, but has a total heat 
12.9 B.T.U. greater than C, C' represents the steam condi- 
tion in the second-stage receiver. 

The other points are similarly located, finally arriving at 
the exhaust condition at /'. 


THEORETICAL WATER RATE. 


For every pound of steam flowing through the turbine, the 
first stage extracts 30,544 foot-pounds of energy. The second 
to eighth stages, inclusive, extract 16,410 foot-pounds each, 
less 5 per cent. for assumed bushing loss. This gives a total 
for the second to eighth stages of 109,026.5 foot-pounds. 

The ninth stage extracts 15,809 foot-pounds, less 5 per 
cent.=15,118.5 foot-pounds. 

Total energy extracted per pound of steam flowing through 


the turbine = 30,544 + 109,026.5 + 15,118.5 = 154,689 foot- 
pounds. 

1 H.P.=33,000 X 601,980,000 foot-pounds per hour. 
1,980,000 
154,589 


Theoretical water rate =12.8 pounds per S.H.P. 


per hour. 
Allowing to per cent. for frictional and other losses gives 
an actual water rate of 14.1 pounds per S.H.P. per hour. 


NoTE.—In drawing the velocity diagrams, they are first 
solved trigonometrically, and then drawn to scale. 
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SCHOOL OF MARINE ENGINEERING, U. S. NAVAL ACADEMY, 
ANNAPOLIS, MD., March 1, 1931. 


TOTAL, HEAT-ENTROPY DIAGRAM. 


Ordinates are total heats; scale 1 inch = 20 B,T.U. 
Abscissae are entropies; scale 1 inch = .02 units, 


Data taken from Marks and Davis’ Steam Tables. 
ae oO, L. COX, 


ERATURE OF SATURATED STEAM AT EACH PRESSURE FOR WHICH A CURVE IS DRAWN, 
1s. | Temperature, | Pressure, in lbs.| Temperature, | Pressure, in lbs. | Temperature, | Pressure, in Ibs.| Temperature, 
°F. i °F. i "os i a 


per sq. in. persq.in. | per sq. in. 


| 
92.4 10 193-2 45 | 274-5 140 353-1 
101.7 197.8 5° 281 150 358-5 
109.4 205.9 55 287.1 160 363.6 
115.8 | 213 60 | 292.7 170 368.5 
121.3 219.4 65 | 298 180 373-1 
126.2 225.2 70 | 302.9 190 377-6 
134.5 230.6 75 | 307.6 200 381.9 
141.5 235-5 80 ae. 210 386 

147-6 240.1 85 | 316.3 220 389.9 
153 244-4 go 320.3 235 395-6 
157-9 248.4 95 | 324.3 250 gol.t 
162.3 254-1 100 327.8 265 406.2 
170 |. 2§0.3 110 334.8 280 411.2 
176.9 264.2 120 341.3 300 417-5 
182.9 268.7 130 347-4 - 429.1 
188.3 
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VALUES OF THE REHEAT FACTOR IN STEAM- 
TURBINE DESIGN. 


A SHORT METHOD FOR DRAWING THE EXPANSION LINE. 


By Epcar BUCKINGHAM, ASSOCIATE. 


r. Steady Flow of Steam; the Mollier Diagram. 

Let steam be flowing steadily through a channel from a 
pressure p, to a pressure p,. Let the flow be so rapid or the 
channel so well protected that the conduction and radiation 
losses from the steam are negligible as is the case with steam- 
flow through a large turbine. Let M—=7-+IV be the me- 
chanical energy developed, per pound of steam, between en- 
trance and exit, 7 being the increase of kinetic energy of the 
steam, if its velocity has changed, and W the work delivered 
outside the channel by any motor-forming part of the channel. 
The quantities M, T, and W are to be expressed in British 
thermal units (B.T.U.) per pound of steam. Then the first 
law of thermodynamics gives us 


Maia oe es 


where H, and H, are the values of the total heat of the steam 
at entrance and exit, H being defined by the equation 
H=E-+ pv in which £ is the specific internal energy, and pv 
is reduced, like T and W, to B.T.U. 

If no mechanical energy is produced, as in the case of simple 
wire-drawing into a diffuser, Mo and H.=—H.,. .e., the total 
heat does not change. Since the total heat of dry saturated 
steam decreases with the pressure, wire-drawing tends to dry 
or superheat,—a familiar fact on which the action of the 
“throttling calorimeter” is based. 

If the channel consists of the casing of a steam turbine, the 
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greater the internal dissipation due to windage, viscosity or 
eddy currents in blades or nozzles, and wire-drawn leakage 
past blade-tips or bushings, the greater is the waste of me- 
chanical energy, the greater the resulting reheat which in- 
creases H, and so decreases the heat-drop (H,—H,), and the 
less the value of M, whether in the form of shaft work de- 
livered or kinetic energy in the exhaust. 

In such a dissipative expansion, the reheat causes the same 
increase of the entropy ¢ as would an equal amount of heat 
added, at the same steam temperature, from without. The 
expansion, though adiabatic, is not isentropic and not re- 
versible. An adiabatic expansion free from the passive re- 
sistances which cause dissipation and reheat would be isentropic 
and, in the thermodynamic sense, reversible. It would also 
evidently develop the largest possible value of M for adiabatic 
expansion from the given initial state to the given final pres- 
sure. Hence the ideal process for developing the maximum 
attainable mechanical energy by adiabatic expansion through 
a steam turbine is an isentropic expansion. 

On the H, ¢, or Mollier diagram, drawn with H as ordinate, 
an isentropic expansion is represented by a vertical line, and 
the value (H,—H,,) of the maximum heat-drop available for 
conversion into mechanical energy is equal to the length of 
this line from the initial state to the final pressure. Any real 
expansion through a turbine is partially dissipative and forms 
an intermediate case between isentropic expansion (¢=—const. ) 
represented by a vertical line, and complete wire-drawing 
(H=const.) represented by a horizontal line. The reheat 
decreases the heat-drop and increases the entropy, and the 
final state lies higher than the ideal final state and to the right 
of it. Hence the expansion line AB (Fig. 1) will slope down- 
ward to the right of the isentropic line AC. The efficiency ¢ 
of the process, in converting available heat into mechanical 


energy, will evidently be 


H,—H, _ AD 


—— “rag ORF he Ueto 2 
ae Ae (2) 
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2. The Expansion Line; Stage Efficiency. 

The true expansion line will never be a smooth curve like 
AB, for the steam does not expand uniformly through the 
turbine. But the state of the steam at a number of similarly 
placed points along the turbine, ¢e.g., at entrance to the nozzles 
of the various stages of a turbine of the Curtis, Rateau, or 
Zoelly type, will be represented by points on a smooth curve. 
The greater the number of stages and the less the heat-drop 
in each, the nearer will the true expansion line, with all its 
details, come to coinciding with a smooth curve similar to AB 
(Fig. 1). We shall, for conciseness, speak of this smooth 








Fig. I. 


curve, which is approached as the number of stages between the 
two terminal pressures increases indefinitely as “the expan- 
sion line.” It is necessary for the designer to know the 
approximate form of this expansion line in order that, by 
reading from the H, ¢ chart the values of the dryness factor 
or the superheat, he may find correctly the specific volumes 
and thence the cross sections needed to pass the required 
amount of steam at the designed steam speeds, to which the 
blade speeds and the angles have been adjusted. The form 
of the line must also be known for determining the pressure 
limits of a number of intermediate stages, if it is desired to 
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distribute the work in any prescribed manner among a number 
of stages of given efficiencies. 

By the “ stage efficiency” of a given stage shall be meant 
the value of the quantity ¢ defined by equation (2) when p, 
and p, are the terminal pressures of that stage. Let us con- 
sider a single stage working through a small range of pressure, 
p, to Pe with the efficiency ¢«. If A and B (Fig. II) are the 
initial and final states of the steam at entrance to and exit from 
this stage, we have AD/AC=e and 


tan d= 
I 


i|° 


tana 2 1 eee (3) 





Fig. Il. 


If the stage efficiency is given, we can thus construct the 
expansion line by a step-by-step process. From the initial 
point A we measure a short distance AC downward, and 
divide it at D so that AD/AC=<:; AB will then be an ele- 
ment of the desired expansion line. From B we proceed sim- 
ilarly, and so on down to the final pressure. This construction 
is applicable at any point of the H, ¢ plane and not only to the 
saturation field where the isopiestics are straight lines. The 
value of ¢ is not required to be constant, but only to be given. 
The smaller the steps the more accurate the construction if the 
graphical work is exact. 

The problem is often presented of arranging, between two 
given limiting pressures, a number of similar stages which 
may be treated as. having the same stage efficiency if so de- 
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signed that the heat-drop shall be the same in each, the inter- 
mediate pressures being not given, but to be determined so 
that the heat-drop and the work on the rotor shall be uniformly 
distributed among the stages, the difference of kinetic energy 
of the steam between similarly situated points in the turbine 
being negligible. The solution of this problem by direct 
graphical construction of the expansion line may involve a 
considerable expenditure of time if the number of stages is 
large. Moreover, in making preliminary sketch designs we 
often want the position of the point B without caring for the 
precise form of the expansion line. We need, therefore, a 
quick method of finding the point B (Fig. I) and one or two 
points on the expansion line between A and B. If this has been 
done, the expansion line, which is never sharply curved, may 
be sketched in on an H, ¢ chart* with sufficient accuracy for 
all the needs of the designer. 

If there are to be m stages, we then divide AD (Fig. 1) into 
nm equal parts and draw horizontal lines to intersect the ex- 
pansion line. These points of intersection fix the pressure 
limits needed in order that all the stages shall have the same 
heat-drop. The steam quality may also be read off, and the 
specific volumes found at entrance to the various stages and 
at exit from the last stage. 


3. Combined Efficiency of Similar Stages in Series; the Re- 
heat Factor. 
It may easily be shown that the slope of an isopiestic at 
any point is given by the equation 


dH 
MS i yh ets 
ie), (4) 


where @ is the absolute temperature. For wet steam, i.e., 
for all points within the saturation field, the temperature is 
fixed by the pressure, so that @ is a constant along each isopies- 





* Such a chart is contained in the ‘‘ Steam Tables and Diagrams” of Marks and Davis, 
Longmans, Green & Co., 1909, from which all the steam data used in this paper have been 
taken. 
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tic and the isopiestics are therefore by equation (4), straight 
lines, increasing in slope with increasing pressure and tem- 
perature, and having the familar fan-shaped arrangement. 

It is therefore evident from figure II, that the expansion line 
for a series of stages of constant stage efficiency will slope 
downward more sharply at the start than later, and will be 
concave to the right, as shown by AB in figure I. It will cross 
every intermediate isopiestic with such a slope as to satisfy 
equation (3), and will meet the final isopiestic p, (Fig. I) at 
the same angle as a line AB’ drawn to make AD’/AC=z, 
but at a point B which is lower than B’. 

The combined or series efficiency ¢, of a number of similar 
stages is thus greater than their separate stage efficiency ¢ 
in the ratio 

a er 
This ratio R is known as the “reheat factor.” If its value can 
be found a priori, the step-by-step construction of the expan- 
sion line may be dispensed with and the point B found at 
once from the given stage efficiency, the initial state A, and 
the final pressure p,. Similar points found for one or two 
intermediate pressures then enable us to draw the expansion 
line sufficiently accurately. The accuracy of the whole pro- 
cess of designing is limited by the accuracy with which the 
stage efficiency can be predicted, and this is not better than one 
per cent. Hence if the approximations used in designing are 
such as to introduce errors of the order of only % of one per 
cent. or less, they are close enough, and time would be wasted 
in striving for a precision not warranted by the fundamental 
datum, the stage efficiency. 

A general solution of the problem of determining the reheat 
factor a priori is not possible at present, but for wet steam 
a solution is given in the following sections, the mathematical 
work being condensed to a mere outline of the process used. 
The method followed is first, to deduce an expression for R 
from an approximate assumption regarding the distribution of 
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the isopiestics within the saturation field; second, to derive a 
convenient practical method by which computation is nearly 
eliminated; and, third, to show that this method gives suf- 
ficiently accurate results, by making numerical comparisons 
with a more exact expression for R based on a much more 
accurate assumption regarding the distribution of the isopi- 
estics. 


4. The Reheat Factor for Wet Steam; First Approximation. 

Examination of the chart shows that the isopiestics, when 
produced do not meet in a single point. But the intersections 
are so far to the left and the total angle between any two 
isopiestics needed in practice, say 1 pound and 300 pounds 
absolute, is so small that no large error is incurred by treating 
them as if they did all radiate from a single point O (Fig. III). 
Our first approximation will be based on this assumption. 














Fig. Il. 


Let H and ¢ be measured from O as origin. In our results, 
only differences of H will appear, so that the fact that the 
charts actually used do not satisfy this condition does not 
affect the correctness of the conclusions. Let a and b have 
the same meaning as in equation (3) and figure II. 


31 


fi 
j 
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Then at any point of the expansion line we have for the 


slope of the line 

ad 

« tan 6=— ff’ ks pa we 

ay 
The value of the constant « depends on the scales of H and 
yg; it would be unity if one entropy unit were represented by 
the same length as a difference of 1 B.T.U. in H. 

For the isopiestic passing through this same point we have 

(7) 


« tan a= (32) = ff 


dg}, gy’ 

for (<) is constant along the isopiestic, and the isopiestic 
. 2G!» 

passes through the origin O from which H and ¢ are meas- 


ured. Substituting in equation (3) from (6) and (7), we 
get 


aH | € oe (8) 
dp | 1—e g — ° e e © ° ¢ 


as the differential equation of the expansion line. 
Integrating this equation between any two points 4 and B, 
we get 


€ 


HommHgie - °° . (9) 


Noting that ¢,/y,=H,/H, and that 1/,/H,=0,/0,=0,/@, we 
may reduce this equation to the form 


H=H,("). ipa 


an equation for the expansion line in terms of temperature 
and total heat. The heat-drop between A and B is therefore 


H,—H,=H, [:—(7)']- V2 ae 
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If the combined efficiency were the same as the stage efficiency 
the heat-drop from A to B’ would be 


a 
H,—H',=¢(H,—H,) =H, (rf)... (12) 
1 


Hence the value of the reheat factor is given by the equation 
‘ (‘2) 
. ee 
[4 
4, 
5. Practical Rule for Finding the Value of R. 
Values of R were computed by equation (A) for a number 


of cases and it was noticed that if ~,, Pp. and p, are any three 
pressures, and R,., R.,, and R,, are the reheat factors for 


— (A) 


expansion between these pressures with the same stage effi- 
ciency, the relation 


(Ri—1)+(Ry—1)=(Ris—1).- « « - (B) 


was almost exactly satisfied. 

It was next found that for expansion, with constant stage 
efficiency, from a given initial pressure p, and temperature 4, 
to any lower temperature and pressure p, 9,, the values of 
R or R—1 plotted against log 4, lay on a straight line, the 
slope of which depended on the stage efficiency. It was then 
further found that the empirical equation 


R—1=1.207 (0.975—s) (log 4,—log 4,). . . (C) 


represented the values of R obtained from equation (A) as 
closely as could be desired for practical purposes, t.c., to a 
small fraction of one per cent. 

The initial pressure Pp, was now taken at 350 pounds, for 
which log,, 4,==2.95012, and values of R were computed 
by equation (C) for expansion from p, down to eighteen well 
distributed lower pressures, the lowest being 0.5 pounds, and 


| 
: 
) 
; 
; 
' 
; 
: 
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with e=—0.1, 0.2...etc., ... 0.8. These values, together with 
the pressures to which expansion takes place, are given in 
table 1. 

Table 1. 


Pro ¢€=0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
300 1.0075 1.0066 1.0058 1.0049 1.0041 1.0032 1.0023 1.0015 
250 1.0161 1.0143 1.0124 1.0106 1.0088 1.0069 1.0051 1.0032 
200 1.0265 1.0235 1.0205 1.0174 1.0144 1.0114 1.0083 1.0053 
150 1.0394 1.0349 1.0304 1.0259 1.0214 1.0169 1.0124 1.0079 
100 1.0569 1.0504 1.0439 1.0374 1.0309 1.0244 1.0179 1.0114 

70 1.0717 1.0635 1.0553 1.0471 1.0389 1.0307 1.0225 1.0143 


40 1.0936 1.0829 1.0722 1.0615 1.0508 1.0401 1.0294 1.0187 
30 1.1047 1.0927 1.0808 1.0688 1.0568 1.0449 1.0329 1.0209 
20 1.1191 1.1055 1.0919 1.0783 1.0646 1.0510 1.0374 1.0238 
5 1.1292 1.1144 1.0997 1.0849 1.0702 1.0554 1.0406 1.0258 
10 1.1429 1.1265 1.1102 1.0939 1.0775 1.0612 1.0449 1.0285 
7 1.1545 1.1369 1.1192 1.1016 1.0839 1.0663 1.0486 1.0309 
5 1.1651 1.1462 1.1274 1.1085 1.0896 1.0708 1.0519 1.0330 
3 1.1808 1.1601 1.1395 1.1188 1.0981 1.0775 1.0568 1.0361 
2 1.1926 1.1706 1.1486 1.1266 1.1045 1.0825 1.0605 1.0385 
1.5 1.2012 1.1782 1.1552 1.1322 1.1092 1.0862 1.0632 1.0402 
1.0 1.2120 1.1878 1.1636 1.1394 1.1151 1.0909 1.0667 1.0424 
0.5 1.2309 1.2045 1.1781 1.1417 1.1253 1.0989 1.0725 1.0460 


The values of (R—1) for ¢=0.1 are plotted on plate 1 as 
ordinate against p, as abscissa, so that this curve represents 
the straight line. 


R—1=1.207 (0.975—0.1) (log ?,—log @,). 


with the abscissa changed from log 4, to p2, which is usually 
given directly and is therefore more convenient to work with 
than 9,. 

Having this curve, and bearing equation (B) in mind, we 
now have, for finding the reheat factor applicable to expansion 
with stage efficiency ¢ between any two pressures p, and p, 
the following 

Rute: Head from the curve the valucs of (R—1) at the 
given pressures ; their difference is the required value of (R—1) 
for ¢<=0.1. For any other value of ¢, multiply by the factor 
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The process of finding R thus consists in making two read- 
ings from a curve and multiplying their difference by a factor 
which may be tabulated once for all, so that the whole opera- 
tion takes little time. For example: 

Let it be required to find the reheat factor for adiabatic 
expansion of wet steam from 240 to 60 pounds with a stage 
efficiency «==0.52. Reading from the curve we find: at p—=S0, 
R—1—0.078 ; and at p==240, R—1=—0.018. Hence from 240 
to 60 we have R—1—0.060. With e=0.52 we therefore have 

Rt and R=1.031. 
0.875 

This process might be still further simplified by drawing on 
a single sheet the curves for ¢=0.1, 0.2, 0.3..., ete., and 
interpolating for the given value of ¢, thus avoiding the mul- 
tiplication. The values in table I are given so that anyone who 
wishes to do so may plot such a set of curves for his own 
use. 


6. Second Approximation for R. 

Equation (A) was deduced from an assumption known to 
be inexact. It remains to be shown that the resulting error in 
R is negligible, and this will be done by deducing a more exact 
expression for Rk, and showing that the result is sensibly the 
same as that obtained by equation (A) or by the use of the 
rule just given. 

[f the isopiestics all met in a single point the values of Z, 
where Z is the value of H at the intersection of any isopiestic 
with some fixed isentropic, would evidently satisfy the equation 


on uc... oe ee ee ee 


in which /~o if H is counted from the origin O. This equa- 
tion is therefore one expression for the assumption which 
underlies the deduction of equation (A). By readings from 
the chart at three widely separated isentropics it was found 


that the equation 





tL) ee 
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represented the readings about as accurately as they could be 
made. An expression for R based on equation (14) will 
therefore certainly give more nearly the true values than 
equation (A) based on equation (13). Equation (14) which 
may also be written in the form 


Mal} Die@. 2. ee ODD 


giving the variation of total heat with absolute temperature 
during isentropic expansion, is an approximate relation which 
I have not seen given elsewhere and which might prove useful 
in other problems than the present one. 

By methods somewhat similar to those used in obtaining 
equation (A) we may now deduce, for the expansion line, the 
differential equation 
elt pea Oe 
in which H is the ordinate of any point P on the expansion 
line, and Z the corresponding ordinate of the point where 
the isopiestic through P cuts the fixed isentropic to which 
equation (14) refers. If H, Z, 9%, refer to the initial state 
of the steam at the pressure p,, and H, Z, 4, to the final state 
after adiabatic expansion to the pressure p, with stage eff- 
ciency ¢, we get, after integrating equation (16), 


224K [ (5 ‘3% 6 ge 
me —2,+L(1-4) ] 


Se Se er 


where 


and 


> I—e 

eam be YS es See 

The readings of Z for the isentropic ¢==1.384 were plotted 
against log 9 and a straight line drawn through the points; 
the values of Z needed for use in equations (D) were read 
from this plot. The slope of the line gave the value 1/B==723. 
for use in (D,). The values of 47, for use in equation (D, ) 
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were read from the chart. It was found that if H, was 
taken from the tables and used in connection with values of Z 
and B obtained from readings on the chart, considerable in- 
consistencies resulted, showing that the chart while self-con- 
sistent and sufficiently accurate for ordinary purposes was not 
an exact representation of the tables, owing, doubtless, to 
difficulties in printing. This need not, however, occasion any 
lack of confidence in the chart, for it will be found, on making 
a few computations by equation (D) that this is a severe test. 
The value of R given by equation (D) is greatly influenced by 
small errors in the data, and the equation is not suitable ex- 
cept for careful work, quite aside from its inconvenient com- 
plexity. 

The use of this cumbersome equation proves, fortunately, 
A number of test computations 
covering the part of the saturation field which is of practical 
importance, showed that equation (D) gave sensibly the same 
results as were obtained by using the curve according to the 


to be quite unnecessary. 


tule given in section 5. In many cases the values of R were 
also computed by equation (A). On the whole, the values ob- 
tained from the curve agreed with those from equation (D) 
rather better than did those obtained from equation (A). A 
summary of the results of these tests is given in table 2. 





Table 2. 

Value of the change of position of B expressed as percentage of (H:i—H,) 
4 Pp # 685  t=o2 =—0.4 806 %=0,7 
12.7 277.4 0.981 +-0.03 —0.02 —0.02 
45.5 277.4 0.981 +-0.04 —0.09 —0 10 

185. 277.4 0.981 —0.03 —0.20 —0.22 
44. 66.2 1.00 —0.06 —0.09 —0.10 
33.7 21.9 0.99 +0.04 —0.04 +0.05 
33.7 21.9 0.88 +0.04 —0.06 +0.07 
33.7 21.9 0.77 +0.06 +0.07 —0.08 
20 20. 0.99 +0.04 —0.01 —0.03 
20. 20. 0 84 +-0.04 +-0.04 —0.02 
20. 20. 0.79 +0.04 —0.02 —0.01 
20. 120. 0.99 +0.07 +0.05 +0.03 +0.04 
20. 120. 0.84 +008 40.04 +0.03 +0.04 

300. 300. 1.00 —0.01 —0.19 —0.25 

110. 110. 1.00 —0.06 —0.13 —0.10 
35. 35. 1.00 +007 4001 —0.01 
8, 8, 1.00 +003 +4001 +0.02 

























472 REHEAT FACTOR IN STEAM-TURBINE DESIGN. 


The first three columns give the pressure ratio, the initial 
pressure and the initial dryness factor +,, and it will be seen 
that the tests are sufficiently varied. The object in using the 
reheat factor is to determine the position of a point B with 
an error which shall be as small as possible compared with 
the isentropic heat-drop (H,—H,). This discrepancy be- 
tween the results of the two methods of computing FR is found. 
in percentage of (H,—H,), by multiplying the difference of 
the two values of R (FR being always nearly unity) by the 
value of «. Accordingly, the values in the table may be re- 
garded as the changes in the vertical height of the point B, 
expressed in per cent. of (H,—H,,), caused by changing the 
method of computing R. 

On account of errors in reading H, Z, and (R—1) from the 
curves, differences of less than 0.1 have little or no significance 
except when /,/p. is large. It will be seen that the discrep- 
ancy between the two methods exceeds 0.1 per cent. only when 
the pressure ratio is very large and that it in no case exceeds 
0.25 per cent. Since 4% of one per cent. is negligible for 
practical purposes, we may conclude that since the use of 
equation (D) certainly gives more accurate values than the 
rule, and since the difference of the resulting values is neg- 
ligible, the rule itself is accurate enough. It follows that 
values of R obtained by the rule of section 5 may be relied 
upon for wet steam as being sufficiently accurate for the pur- 
poses of the designer. 


7. General Remarks. 

The foregoing methods are valid only when the isopiestics 
are straight lines; they therefore fail for superheated steam. 
The curvature of the isopiestics in the superheat field depends 
on the specific heat of superheated steam at constant pressure, 
and even if this were exactly known and expressible in simple 
mathematical form, the development of a general differential 
equation for the expansion line would be a difficult matter 
and the task of integrating it would very possibly present in- 
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superable mathematical difficulties. But without attempting 
the general solution a few pertinent remarks may be made. 

(A) Consideration of the H, ¢ chart shows that an isen- 
tropic expansion between two given isopiestics involves a 
greater change in temperature for superheated than for wet 
steam, as may also be seen from the p, v chart. A dissipative 
expansion line starting at a point in the superheat field will 
therefore fall more sharply at first than if it started at the 
same pressure within the saturation field, and the reheat factor 
for a given pair of terminal pressures and given stage efficiency 
will be greater than for wet steam between same pressures. 
Hence if we use the value of R computed for these pressures 
for wet steam, we shall underestimate the actual heat-drop 
and combined efficiency and be on the safe side, as regards 
the economy expected. The small error committed will be in 
the direction of raising the expansion line. 

(B) Up to 100 degrees F. superheat the curvature of the 
isopiestics is so small that the error can, at most, not be im- 
portant if we simply use the value of R for wet steam between 
the same pressure limits. 

(C) The value of the quantity of (R—1) decreases with the 
pressure ratio p,/p. and decreases as the stage efficiency in- 
creases. Examination of the H,¢ chart in connection with 
table 1, shows that unless the efficiency is very poor, with 
superheats up to 150 degrees or 200 degrees F., which are 
unusual as yet, the expansion ratio and therefore (R—1) can- 
not be large for expansion entirely within the superheat field, 
so that (R—1) cannot be subject to a large error. With poor 
efficiency the reheat might be enough to keep the steam dry a 
long way down in the turbine, but such a case is not of great 
commercial interest and does not demand close designing. 

(D) A high initial superheat has not yet been much used in 
the Parsons type of turbine, so that the superheat field is of 
interest mainly to the designer of turbines in which the first 
few stages, at least, are of the impulse type, not requiring fine 
clearances. In such a turbine, the first one or two stages will 
usually have rather large pressure ratios and will get rid of the 
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superheat, so that the remaining stages are working with wet 
steam. It is not a serious matter to treat one or two stages 
separately, by determining the state-points graphically, and 
it is usually necessary to do so for at least one stage. For the 
first stage is usually not identical with the later stages and 
has not the same stage efficiency, so that an expansion line 
drawn for constant stage efficiency could not fit the facts in 
any event. 

(E) The whole idea of the reheat factor and of its use in 
drawing the expansion line, arises from the fact that the 
combined efficiency of a number of similar stages in series is 
greater than the efficiency of each stage separately. The 
method developed for finding the reheat factor was based on 
the assumption that the heat-drop in each stage was small, 
for it consisted in developing and integrating a differential 
equation for the expansion line. For a few stages with very 
high steam velocities, the results would not be exact, but the 
whole matter is also, in that case, of no importance; for the 
graphical construction for a few stages is a simple operation 
and involves no great expenditure of time. 








p % 


Fig. IV. 


(F) The notion of a reheat factor, as the term has been 
used in this paper, is not applicable to a single stage. Let p, p» 


be the limiting pressures of a given single stage, and let 4 
(Fig. IV) be the initial state. Then if B is the final state, 
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H,—H, AD 
H,—H,* AC 


is the ratio of the mechanical energy produced to the maximum 
possible in adiabatic expansion. If, as may be assumed in an 
impulse stage,* the change of kinetic energy is negligible, 
AD/AC=: is the efficiency of the stage. This is true regard- 
less of whether the isopiestics are straight or curved, 1.e., 
whether the steam is wet or superheated, so long as B is at po, 
.C is vertical, and DB is horizontal. If the net efficiency of 
the stage is given beforehand, B is thus fixed by the initial 
state 4 and the final pressure p,, and there is no question of 
a reheat factor. 

But the efficiency ¢ may have been obtained in either of 
two ways. If it was obtained by experiments on a stage similar 
to the one in question and working under similar conditions, 
there is nothing more to be said. But if it was computed 
from a velocity diagram drawn with allowances for velocity 
losses in nozzles and blades, the case may be a trifle different 
in theory though hardly in practice. 

Let A, and therefore C, be given, and let D be so placed as 
to make AD/AC=<s, where ¢ is the computed efficiency. It 
now becomes a question of when the various elements of the 
total dissipation occur and of the temperature of the steam 
when the various elements of the reheat are added to it. 
In an impulse stage, in general, only a small fraction of the 
dissipation occurs in the nozzles: hence the reheat is almost 
all added to the steam after the lowest pressure and tempera- 
ture have been reached. The actual expansion line is therefore 
nearly coincident with the broken line ACB, which would be 
the real expansion line if al/ the reheat were added at the 
low pressure. If, therefore, the efficiency was computed on 


*It is not assumed that the flow through either nozzles or blades is frictionless, and 
nothing is assumed regarding the residual velocity of the steam on leaving the last mov- 
ing blades of the stage, which is sometimes partially available at entrance to the next 
nozzles, but is more often entirely thrown away and dissipated in eddy currents. The sole 
assumption is that when the steam finally leaves the stage by entering the next nozzles, 
its velocity is so nearly the same as on entering the nozzles of the given stage, that the 
difference in kinetic energy is negligible. 
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this basis, while in reality a little of the reheat is added at a 
higher pressure and temperature in the nozzles, the efficiency 

thus computed will be a trifle too small and should be multi- 
plied by a factor analogous to the reheat factor, which, in 
effect, is introduced to allow for the fact that in a series of 
stages the reheat is distributed instead of being concentrated 
at the end of the last stage. The improvement in accuracy 
due to the use of such a factor would, however, be quite 
illusory until our experimental knowledge is sufficient to per- 
mit of a far more accurate a priori computation of the stage 
efficiency than is at present possible. 

To apply a reheat factor computed for the case of continu- 
ous expansion through an infinite number of stages to expan- 
sion between the same pressure limits through a single stage, 
would be altogether incorrect. 

(G) In conclusion, we may say that so far as present prac- 
tice is concerned, the fact that the method given in this paper 
for finding the reheat factor is applicable only to wet steam, is 
an unimportant restriction on its usefulness. In the designing 
of turbines with many similar stages, its use may save a great 
deal of time, for a correct determination of two points beside 
the starting point will always, even with large expansion ratios, 
permit of drawing the expansion line so as to give the spe- 
cific volume of the steam at any pressure within one per cent., 
which is quite close enough for designing the sectional areas, 
in view of the unavoidable uncertainties of the stage efficiency. 

Washington, March 13, 1911 


NoTEe.—A more extended form of this paper will appear in the Bulletin of 
the Bureau of Standards, where those interested may find more complete 
details. 
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TEST OF A BABCOCK & WILCOX BOILER WITH 
LIQUID FUEL. 


FROM THE BOARD’S REPORT. 


This test was conducted by a Board composed of Captain 
C. A. Carr, U. S. N., and Lieutenant Commanders J. K. 
Robison and John Halligan, Jr., U. S. N. 

The Board assembled at the works of The Babcock & 
Wilcox Company, Bayonne, N. J., about 10 A. M., November 
28, 1910. The Board examined the test boiler and its con- 
nections for water and steam tightness, the arrangements for 
measuring water and oil and the apparatus for taking data. 
All of these were found satisfactory, and the tests were pro- 
ceeded with at once. In all these tests oil was used as a fuel. 

Civilian assistants from the office of the Inspector of Ma- 
chinery, Bayonne, N. J., were detailed for the purpose of 
taking data. Another set of observers was furnished by The 
Babcock & Wilcox Company who took data independently. 
The data taken by the two sets of observers were compared, 
so that any errors in reading were corrected at once. 

The boiler tested was of the type installed on the U. S. S. 
Wyoming and U. S. S. Arkansas, and is the sane which was 
tested June 13 to June 20, 1910, during which tests coal was 
used as a fuel.* No changes have been made in the design 
of the boiler except for the removal of the grate, the brick- 
ing over of the ash pans and the sides up to the side boxes, 
and the necessary changes in the furnace front incident to the 
installation of the oil-burning apparatus. — 

The following particulars apply to the installation for 
burning oil : 





* Reports of these tests appeared in the November, 1910, issue of the JouRNAL. 
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Type OF MOW!L...... 050s secccseosscccessccscosesccesesessessonsscosoononses Babcock & Wilcox. 
"Total Restle GUSTAGE, GMO TORE. oo.o5c ss idcneccsnssc2ss cesconsessesnseescbeoser 2,571 
Volume of furnace, CUbIC feet......cccccosccccccccccescocesescoess « hinseunendbevd 217 
Area of cross section smokepipe, square feet.............ssscsscseeseereeeees 19.63 
Height of smokepipe above furnace, feet..............:::ceeeseeeesceneeeeceees 100 
RE i ic ceees annantndcscncsivevecnmncse Crude oil from Gulf Refining Company. 
NEBR OE cassie cescvdseccessee sacenssorns Closed fireroom and jet in smokepipe. 
Wee AE DUNG IS oi osc 0 ssc sede: soncacesencvernss soncoseesbeeuen acetubeoncsouenns Il 
NE I ois di ssive catcrinecasévguancsespbosewontes Peabody Mechanical Atomizer. 


For convenience in referring to burners in use during the 
different tests they are numbered from left to right in each 
row consecutively, the left-hand burner in the upper row 
being No. 1. 

General Arrangement.—The arrangement of the apparatus 
used in making these tests is shown on the attached sketch, 
Sheet B. The arrangement for supplying forced draft is also 
shown on this sheet. The blower for supplying forced draft 
was driven by a vertical steam engine through a belt. The 
air duct discharged at the floor line of the fireroom at the 
back of the boiler against a vertical baffle wall that de- 
flected the air upward. The main steam pipe connected to 
the main steam pipe of the power house and by a bleeder to 
the atmospheric discharge, terminating in a three-branch 
muffler. The discharge to the power-house main and to the 
bleeder were controlled by stop valves with extension stems 
to the fireroom floor. 

Feed Heater.—A Reilly feed heater was used for heating 
the feed. A branch pipe from the main steam pipe led to 
the feed-water heater for supplying the necessary steam. The 
pressure of steam in the feed-water heater shell was regulated 
by a valve in the steam pipe to the heater. This feed heater 
was in use during all the tests except for about 42 minutes in 
test No. 2, when the auxiliary feed pipe was used, owing toa 
temporary derangement of the main feed pump. The auxil- 
iary feed pump took weighed water from the main feed the 
same as the regular pump. The feed heater was tested before 
and after the tests under a water pressure of 220 pounds and 
was found tight. 
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Steam Jet.—A pipe led from the main steam pipe to a jet 
in the base of the smokepipe, the amount of opening being 
regulated by a valve. This jet was used for increasing the 
draft, as noted in the log of the tests. 

Smokepipe.—The smokepipe was of sheet steel, 19.63 square 
feet area of cross section, and 100 feet in height above the 
furnace. ‘There was a damper in the smokepipe, which was 
wide open during all the tests. 

The discharges from the surface and bottom-blow valves 
led into a pipe which led outside of the building and the end 
of which was open. A slight leak was found at the end of 
this pipe soon after starting test No. 1, which could not be 
stopped by setting down on the blow valves, and the end of 
the pipe was therefore plugged, insuring tightness. It was 
examined during every succeeding test and no further leaks 
occurred. 

Thermometers were placed in the main feed pipe as near 
the boiler-feed stop valve as possible, and in the oil-pressure 
pipe near the burners, and a nitrogen-filled thermometer in 
the uptake for obtaining the temperature of the escaping 
gases. ‘Thermometers were also hung in the fireroom and 
outside the testing room for observing the temperatures of the 
air. 

The draft pressure was taken through a tube in the highest 
dusting door of the last gas passage. In tests Nos. 4, 5 and 
6 it was also taken through a tube in the lowest dusting door 
of the first gas passage. The air pressure in the fireroom was 
also measured by an air-pressure gage hung on the bulkhead 
of the testing room. 

Gas Analysis—An Orsatt apparatus for making analyses 
of uptake gases was located in a small booth adjacent to the 
test room. Gas samples were taken from the uptake by 
means of a }-inch pipe leading to the gas-analysis apparatus. 
Samples of gas were taken at frequent intervals by the chemist 
of The Babcock & Wilcox Company. ‘The results of the 
analyses were immediately reported to the company’s engi- 
neer for his information. 


32 
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Method of Weighing Oz.—The arrangement of the oil- 
feeding apparatus is shown on “Sheet B.” Two barrels for 
receiving and weighing oil were mounted on platform scales. 
These scales were examined before and after the tests for cor- 
rectness, and were checked during the tests by weighing 
empty barrels. Oil was run into these barrels for weighing 
direct from the tank car in which it was received at the works. 
The flow of oil was assisted by a small pump, the location of 
which is shown on the sketch. After being weighed the oil 
was run into one of the two receiving barrels shown. These 
two barrels were connected at the bottom by a 4-inch pipe, 
the oil-feed suction being led into the second barrel. This 
second barrel also received the overflow oil from the relief 
valves of the oil-pressure pump. From the top of this barrel 
the height of the oil was measured by a gage, to determine 
the quantity of oil burned. From the pressure pump the oil 
passed through strainers to the oil heater. A pressure gage 
and a thermometer were fitted in this room on the oil-supply 
pipe for convenience in regulating the temperature and pres- 
sure of the oil. The quantity of oil burned could be deter- 
mined at any instant by measuring the level of oil in the bar- 
rel. At half-hour intervals the quantity of oil was checked up. 

Method of Weighing and Pumping Water.—The arrange- 
ments for weighing feed water consisted of a rectangular feed 
tank on top of which were locatec two weighing tanks 
mounted on platform scales. These scales were tested before 
and after the tests and the weights of empty tanks also served 
as acheck. The water was run from the city main into the 
weighing tanks and after being weighed was run into the 
feed tank. The feed tank was fitted with a gage glass on 
which the height of water at the start was marked. By reg- 
ulating the flow of water from the weighing tanks the quan- 
tity of water used during any time could be determined. 
This feed tank had suctions to main and auxiliary feed pumps 
and also received the overflow from the relief valves of these 
pumps. The main feed pump discharged through the feed- 
water heater to the main feed valve on the boiler. All feed 
piping was where it could be seen, and no leaks took place 
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during any of the tests. A steam gage and a water gage 
indicating steam pressure and water level in the boiler were 
located at the feed pump for assisting in pump regulation and 
in the maintenance of a constant feed supply. At the end of 
each half hour the actual amount of water fed to the boiler 
was checked up. 

Quality of Steam.—For observing the quality of the steam 
generated a Barrus throttling calorimeter was fitted on a 
branch from the main steam pipe at a point 18 inches from 
the steam drum. The collecting nozzle was of standard pat- 
tern. The calorimeter was calibrated after the tests by tak- 
ing readings with the pressure both rising and falling with 
no steam leaving the boiler except through the calorimeter. 
The calorimeter thermometers and feed-water thermometer 
were compared with a standard thermometer after the tests, 
and readings were corrected as necessary. From these stand- 
ard readings the amount of moisture in the steam was deter- 
mined from the formula : 


_ .48(T—2) 


QG= Z xX 100; 


in which Q = percentage of moisture; 7 = calibration read- 
ing of the lower thermometer; ¢=— test reading of lower 
thermometer; 7 = latent heat of steam at boiler pressure. 
Quality of Oil Used.—The oil. used was Texas crude fur- 
nished by the Gulf Refining Company. Samples of oil were 
taken direct from the cars, and the characteristics of the oil 
were determined by a laboratory test made by the chemist at 
the Navy Yard, Washington, D. C. Oil from car No. I was 
used in tests Nos. 1, 2, 3 and 4. Oilfrom car No. 2 was used 
in tests Nos. 5 and 6. The analysis of the oil was as follows: 


Car No. 1. Car No. 2. 


Character of oil Heavy and viscid. | Heavy and viscid. 
British thermal units per pound 19,291 19,086 
Percentage of moisture in oil trace, trace, 

t silt in oil under 1 per cent, under I per cent. 
Specific gravity at 60 degrees F .9322 -9322 
Flash point, degrees F 295 
Burning point, degrees F............. : 295 
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The method of conducting tests was as follows: 

The steam was brought to the desired pressure and the 
boiler was kept in use long enough to heat all parts thor- 
oughly and to bring all conditions approximately to those 
under which it was desired to run the test. All observers 
were then called together and their watches were set to agree 
with the watch used by the Board. A time was set for start- 
ing the test, and the observers were sent to their stations and 
at the time set the level of water in the boiler, in the feed 
tank, and of oil in the feed barrel was noted. Data were 
observed at fifteen-minute intervals. A few minutes before 
the time set for ending the test all observers were notified 
when to take the final observation. The character of the 
smoke was observed by a member of the Board and is marked 
on a scale of 5, in which 5 denotes dense black and 1 a slight 
haze. Impeller boxes of burners not in use during any of the 
tests were blanked off by asbestos board. The boiler casing 
was kept as nearly tight as possible. It was necessary to 
replace one burner during the tests, and this was done in less 
than a minute. A small piece of waste was found in a groove 
in the washer of the defective burner. 

Test No. s at 13.69 pounds of oil per hour per cubic foot 
of furnace volume. Capacity test.—Test begun at 11 A. M. 
and finished at 1 P. M., November 28, 1910. Weather, over- 
cast. Steam jet in use during test. All burners in use. 
Rate of evaporation from and at 212 degrees F. per pound of 
oil: 13.70 pounds. 

Test No. 2 at 7.85 pounds of oil per hour per cubic foot of 
furnace volume.—Test begun at 2:05 P. M. and finished at 
5:05 P. M., November 28, 1910. Weather, overcast. Burners 
2, 4, 5, 7, 8, 9, 10 and 11 in use. Rate of evaporation from 
and at 212 degrees F. per pound of oil: 14.37 pounds. 

Test No. 3 at 5.54 pounds of oil per hour per cubic foot of 
furnace volume.—Test begun at 9:40 A. M. and finished at 
12:40 P. M., November 29, 1910. Weather, overcast and 
raining. Burners 1, 6, 7 and roinuse. Rate of evaporation 
from and at 212 degrees F. per pound of oil: 15.72 pounds. 
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Test No. 4 at 3.07 pounds of oil per hour per cubic foot of 
furnace volume.—Test begun at 1:25 P. M. and finished at 
5:25 P. M., November 29, 1910. Weather, overcast and rain- 
ing. Burners 1, 3 and 6 in use. Rate of evaporation from 
and at 212 degrees F. per pound of oil: 15.86 pounds. 

The above tests were concluded on November 29, IgI10, 
and the Board dissolved. Upon working up the data of the 
above tests roughly it was found that test No. 2 did not give 
the efficiency equal to that which would have been expected 
from points in a curve obtained from results of the other 
three tests. On this account two additional tests were made 
by the senior member of the Board, the civilian assistants of 
the Inspector of Machinery being present to take data. The 
results of these two tests are included in the report of the 

3oard. 

Test No. 5 at 8.86 pounds of oil per hour per cubic foot of 
furnace voluine.—Test begun at 10:40 A. M. and finished at 
1:40 P. M., November 30, 1910. Weather, clear. Burners 
I, 2, 3,4, 5, 6,8 and 10 in use. Steam jet in use at intervals. 
Rate of evaporation from and at 212 degrees F. per pound of 
oil: 14.12 pounds. 

Test No. 6 at 8.97 pounds of oil per hour per cubic foot of 
furnace volume.—Test begun at 10 A. M. and finished at 1 
P. M., December 3, 1910. Weather, clear. Burners 1, 2, 3, 
4, 5,6,8 ani roin use. Steam jet slightly open during run. 
Rate of evaporation from and at 212 degrees F. per pound of 
oil: 15.44 pounds. 

All conditions of the above tests were regulated by men in 
the employ of The Babcock & Wilcox Company who had 
been employed on this boiler for some time, making prelimi- 
nary tests, and they were expert in handling this system of 
burning oil. 

While the conditions existing were regulated by skilled 
men, the supervision of the Board was rigid, and the results 
obtained can be relied upon. 

The Board has no knowledge of authenticated tests of fuel- 





486 BABCOCK & WILCOX BOILER WITH LIQUID FUEL. 


oil burning in which a boiler has been forced to the degree 
shown by Test No. 1, or in which an efficiency as high as that 
shown by Tests Nos. 3 and 4 has been attained. The results 
of the tests are, therefore, considered to be particularly im- 
pressive as indicating a material advance in the art of fuel-oil 
burning with mechanical atomizing burners. The variations 
in efficiency shown by Tests Nos. 5 and 6 indicate the careful 
adjustment of firing conditions that is necessary in order to 
obtain the highest efficiency when burning fuel oil. 

The tests bring out the desirability of making gas analysis 
at frequent intervals when burning oil; also of watching the 
temperatures of the uptake closely. From the observation of 
the Board during these tests the character of the smoke was 
also an excellent guide to the results which were being ob- 
tained at any time. Changes in conditions were noted by the 
character of the smoke before they were apparent from the 
gas analysis. In Tests 3, 4 and 6 the character of the smoke 
was kept practically constant. It appears that the best results 
were obtained with the character of the smoke between 1 and 
1} on the scale used, and the corresponding percentage of 
CO, in uptake gases was about 12 per cent. 

The Board was particularly impressed with the excellent 
results obtained with this boiler under the maximum rate of 
combustion, Test No. 1, which gives a combustion of 13.69 
pounds of oil per cubic foot of furnace volume. This is the 
equivalent of about 75.34 pounds of coal per square foot of 
grate area in the same boiler when burning coal. The boiler 
in this test steamed freely with a very slight increase in the 
wetness of steam, and the falling off of efficiency was small 
for a rate of combustion much above the maximum ordi- 
narily used on boilers of the Navy under forced-draft con- 
ditions. 

After all the tests were completed the “boiler was opened, 
cleaned and thoroughly inspected for deterioration. No 
tubes showed any signs of distortion, and all tubes and headers 
were free of blisters. All baffles were in good condition and 
properly placed. 
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OIL TESTS OF BABCOCK 
OEE CI i occctccncatibie scious 
TOE OE GI i ictectind eknnetncinisecisivin 
Duration of test, hours 
Kind of oil.. 
Oil burner used 
Be a nae evidee ndbenkesdsesian 


Barometer 
Number of burners in use 


Average Pressures. 


Steam pressure by gage, pounds... 
Oil pressure by gage, pounds... 

Draft pressure in fireroom, inches 
of water.. : 
Draft pressure in ‘furnace, Pass. I, 
inches of water 
Draft pressure near uptake, inches 
WOE WRIIEE 5 satncentcstesvodecatanoentutncnsees 


Average Temperatures. 


Outside air, degrees F 
Fireroom, degrees F 
Steam (at gage estan tables), 
II cdioaecisscscurin papntesaakseieens 
Oil, degrees F 
Feed water entering heater, degs. F. 
Feed water entering boiler, degs. F. 
Chimney gases, degrees F 


Oi. 
Weight of oil used during trial, Ibs. 


Steam. 


Quality 
Percentage of moisture 


BONO; CERISE OE FS... 0.055 ccssccsvecsee coves 
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& WILCOX MARINE BOILER. 

I 2 3 4 5 6 
Nov. Nov. | Nov. | Nov. | Nov. | Dec. 
28, ’10 28, ’10)29, ’10)/29, 1030, ’10 3, ’IO 

2 3 3 4 3 3 

Texas crudie. 

Peabody | mechanical} atomizers. 
Over-| Over-} Rain. | Rain, | Clear, Clear. 
cast. | cast. 

«209.9 210.4 (210.7 |212 214.8 214.8 
. 191.1 (188.8 |175.6 [131.3 [153.2 |171.8 
2.60, 1.69) 1.18) .33) 1.97) 1.64 
.65| 1.35, 1.65 

4.83 2.10) 1.64 -72| 2.58) 2.79 
45-5 45 43 46 43 ee 
71.1 | 75.2 | 70.0 | 79.0 | 79.0 | 76.0 
391-5 391-7 |391.8 |392.3 |393-4 393-4 
175-3 183.4 |184.0 |210.1 |199.0 |195.7 
47 47 47 47 46 46 
168.6 160.9 201.0 |211.2 |185.6 182.8 
771 666 (533 |447 |702 (630 
5,943 5,112 | 3,605 | 2,665 | 5,767 | 5,840 


99: ” 99. - 99-837 |99.891 '99.782 | 99.835 
710| .163| .109| .218 .165 
1.64 34 1.15 


1.5 2.3 
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OIL TESTS OF BABCOCK & WILCOX MARINE BOILER. 


RG OE BR ic cictrcnsniscarascobnsevnionsine I 2 st 5 6 


Total weight of water fed to boilers 
corrected for inequality of water 
level and steam pressure at begin- 


ning and end of test, pounds............ 74,898 67,036'53,464\40,096 75,714 83,573 
Equivalent weight of water evaporated ' 
into dry steam, pounds................+++. 74,291 66,561 53,376\40, 185,75, 549 83,435 


Factor of evaporation. ........0....200.s00+: 1,096 1.104 1.062} 1.052| 1.078| 1,081 
Equivalent weight of water evaporated | 
into dry steam from and at 212° F., lbs./81,423 73,483 56,685 42,276 81,449\90, 193 


Oil Fuel per Hour. 


Oil per hour, pounds ............ -.| 2,972) 1,704) 1,202} 666 1,922) 1,947 
Oil pr. hr. pr. cu. ft. furnace vol., ‘Ibs. |13.69 7.85 5-54 | 3-07 | 8.86 | 8.97 
Oil pr. hr. pr. sq. ft. heating sur., Ibs.| 1.156 .663) .467, .259 .747, .757 
Oil per hour per burner, =. Neciawukal |270.2 213 |300.5 |222 240.3 (243.4 
Equiv. to coal pr. sq. ft. of G. S., Ibs.| 75.34) 37.45) 28.34) 16.13 43.96 46 14 
Water per Hour. 
Feed water per hour, pounds............. 137,449 22,345|17,821 10,024 25,238/27,858 
Water per hour, corrected for quality | 
of steam, pounds... : «137,146 22, 187 17,792 10,046 25,183 27,812 
Equivalent evaporation from and at 
212° F. per hour, pounds.................. 40,712)/24,494 18,895 10,569'27,149 30.064 


Equiv. evaporation from and at 212° 
F. per sq. ft. of heating surface, Ibs.| 15.83, 9.53) 7.35 4.11) 10.56 11.69 
— evaporation from and at 212° 

. per cu. ft. of furnace volume, Ibs.|187.60\112.87) 87.06, 48.70 125.10 138.53 


Economic Results. 


Water evaporated per pound oil, lbs-| 12.60, 13.11) 14.83 15.04) 13.13) 14.31 
Equivalent evaporation from and at 
212° F. per pound oil, pounds.......... 13.70, 14.37) 15.72) 15.86, 14.12 15.44 


Chimney Gas Analysis. 


Carbon dioxide (CO,), per cent......... 9.85| 9.26) 11.57, 11.86 10.71 10.94 

Oxygen (0), per COnt......cccccseccsscsccoes 6.46} 7.68) 4.50, 4.08 5.18 4.73 

Carbon monoxide (CO), per cent....... .OI} .00 .04 .04 .02 .0O 

Nitrogen (N), per cent......... csecssseeee 83.68) 83.06; 83.89 84.02) 84.09 84.37 
Efficiency. 


Efficiency of boiler.........cccccccscccesseees 69.29} 72.68) 79.50) 80,21) 71.41 78.08 
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OIL FUEL. 


By E. H. PeEAsopy, AssociATE. 


Ten years ago the discovery of the large oil fields of Texas, 
followed by the rapid development of the oil-bearing territories 
of California, marked an epoch in the history of the use of 
oil as fuel in America. Previous to that time the oil produced 
in this country had been of a character very valuable for re- 
fining purposes, so much so in fact, that the few oil-burning 
installations that sprang up with the development of each new 
field soon fell into a state of “ innocuous desuetude”’ on account 
of a lack of fuel supply, and it was said that even the refiners 
themselves were burning coal because it was cheaper than oil. 

In 1901, however, the Beaumont, Texas, oil wells, popularly 


“cc 


called “ eushers,” on account of their enormous output, began 
flooding the market with a grade of oil not so valuable to the 
refiners as that previously produced and, therefore, cheaper 
for fuel purposes. This oil is heavier than the oils of Penn- 
sylvania and the Middle West. It has a base of asphaltum, 
instead of paraffine, and carries a considerable quantity of sul- 
phur ; but is an oil ideal in every way for fuel purposes, barring 
the single possible exception that in its crude state it has a very 
low flash point and requires care in handling and storing. This 
objection has been overcome by removing from the crude oil 
some of its lighter constituents. Beaumont oil promptly prac- 
tically replaced all other fuels in Texas, Louisiana and contigu- 
ous territories, and New Orleans became headquarters for the 
exploitation of every type of oil-burning device that had sprung 
up, flourished and finally become defunct in other fields. 
Contemporaneously the oil lands of California, particularly 
the Kern River territory, began yielding ever-increasing quan- 
tities of petroleum, the quality of which was similar to the 
Texas product, though much of it was heavier, with slightly 
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less heat value. This oil was practically all available for fuel 


purposes and very rapidly the importation of coal in California 


became an obsolete industry. 


ANALYSES OF CRUDE OIL. 


Kind of oil Carbon. Hydrogen. Sulphur. a — — A 
Pennsylvania........ 84.90 13.7 0.0 1.4 .886 19,224 
Pennsylvania........ 82.0 14.8 0.0 3.3 +730 20,890 
ee ero 85.46 14.2 0 34 0.0 hay 21,209 
Ohio..... Se 17.1 0.0 2.9 is 21,600 
COTIBGRIIR. «20.20000005 81.52 11.01 0.55 6.92 .966 18,667 
SRD sédontteviotneien 84.6 10.9 1.63 2.87 -924 19,060 
Ms cccwitieciges 85.03 12.3 1.75 -92 bi 19,100 


Thus in the Southwest and on the Pacific Coast, and to a 
limited degree in other parts of the country, the burning of 
crude oil became a live proposition, and engineers and con- 
sumers began to inquire into methods and apparatus that 
would give the best results. All the burners then on the market 
atomized the oil by means of steam or compressed air and 
many of them were extremely wasteful and difficult to clean, 
their design and operation being very much of a mystery. 
Most of them had been developed in fields where light paraf- 
fine oils were produced and were consequently not adapted 
for use with heavy oils. 

At this time the United States Navy appointed a board of 
engineer officers, headed by Capt. John R. Edwards, U. S. N., 
which made an extended series of tests with liquid fuel, the 
results of which have been quoted all over the world. The 
3abcock & Wilcox Co. also undertook an exhaustive series of 
experiments, under the writer’s direction, covering a period 
of two years, first in Louisiana and later in California. Simul- 
taneously many progressive engineers and manufacturers be- 
gan using oil in stationary plants, in railway service and on 
board ship, and much valuable information became available. 

It is characteristic and perhaps not altogether to our credit, 
that we in this country attacked the problem of burning oil 
in our own way and solved it to suit our own conditions, and 
































OIL FUEL. 





491 


did it well, too, without paying much attention to what was 
being done abroad. Russian fuel oil had been on the foreign 
markets for years, and even in the early nineties methods of 
atomizing crude oil by centrifugal force were being developed 
there. We knew about this in the United States, and the idea 
of atomizing the oil without the use of steam or other medium 
at once appeals to the thoughtful engineer who has anything to 
do with oil burning. In spite of this, the Liquid Fuel Board 
only touched briefly on mechanical atomization and passed it 
up to the next generation. The writer confesses that after 
trying an improvised mechanical atomizer and finding that it 
worked about 200 per cent. better when he turned a little steam 
into it, decided for the time being to confine his investigation 
to burners of the usual steam or air-atomizing type. And 
this much must be said in justification: The simplicity of the 
steam atomizer and the excellent economy of the better types, 
together with the low oil pressure and temperature required, 
makes it a very strong favorite for stationary plants or, 
indeed, for any installation where the loss of fresh water is 
not a vital consideration. There are also many very efficient 
marine outfits in operation using compressed air for atomizing, 
and these are suitable for, and capable of, deep-sea cruising. 
However, for marine service, particularly naval service, the 
so-called mechanical atomizer has the preference. When the 
Bureau of Steam Engineering in 1907 included in one of its 
specifications the requirement for oil burners that they should 
be of the mechanical atomizer type, I consider that it marked 
the beginning of another epoch in oil burning in America. If 
not an epoch, certainly another chapter, and one in which is 
destined to be written the record of a distinct advance, not 
only in naval achievement but in the merchant marine as well. 

We are on the point of seeing added to our Navy an oil- 
burning battleship. Last August the Engineer-in-Chief of the 
Navy, Rear Admiral Hutch I. Cone, said, before the United 
States Naval War College at Newport: * * * ‘“ Our ex- 
perience with liquid fuel, while limited, has been sufficient to 
convince me that, considered from an engineering point of 
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view, the expediency of its use to the exclusion of coal, in 
battleships, is clearly indicated.” * * * “TI wish, gentle- 
men, to place myself emphatically on record as advocating oil- 
burning battleships for our service.” 

These are prophetic words. The advantages of oil fuel are 
manifest and have often been repeated. On given displacement 
or weight of fuel carried, oil, as compared with coal, increases 
the steaming radius about 50 per cent. On a given bunker 
capacity, i. e., cubic feet of fuel storage, oil nearly doubles 
the steaming radius. Burners can be lighted and brought to 
full capacity in about two minutes. The fires never get ditty; 
there are no ashes; there should be little or no smoke; the 
labor of handling the boiler room “ full speed ahead” is scarcely 
greater than when the ship is at anchor, and a hose over the 
sides will replenish the fuel supply or “oil ship,”’ and the bunkers 
can be put in the double bottom. Also while we may be lack- 
ing in an adequate number of colliers for war service, the 
merchant marine is equipped with a fleet of oil-carrying tank 
ships which would all be available in war time for transporting 
oil fuel to the fleet. 

The only argument against the oil-fuel proposition—the one 
great reason why the oil battleship is not already a reality— 
is lack of supply. Can we get the oil? Ina recent report on 
the possibilities of the oil-bearing territory of this country, 
the United States Geological Survey published the following 
estimate, the probable ultimate output lying between maximum 
and minimum figures from the various fields. 


GEOLOGICAL SURVEY ESTIMATE OF PROBABLE OIL PRODUCTION. 


Fields. Minimum. Maximum. 
barrels. barrels. 
PORNO: «255+ cakrbiaur coe cdwake acre 2,000,000,000 5,000,000,000 
I I ae Wane y eke 1,000,000,000 3,000,000,000 
POETS See POY ae apy ria ae 350,000,000 1,000,000,000 
Bee NE 5 Ai con eked cee ied’ 400,000,000 1,000,000,000 
NN res eit eee ee ee weg a sg 250,000,000 1,000,000,000 
CN Bora nays dees eas bane ee; as 5,000,000,000 8,500,000,000 
NONE IIR oo Sooo oe 6 ataimaceve en ses 1,000,000,000 5,000,000,000 


; 0” PEARS a. SI ee Sete tame oe 10,000,000,000 24,500,000,000 
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This report estimates the aggregate oil-bearing area in 
twenty-two States as 8,450 square miles, 850 square miles of 
this being allotted to California. It does not include Alaska, 
where there are indications of large oil fields as yet unde- 
veloped. 

In a paper read at a meeting of the American Society of 
Mechanical Engineers last December, Mr. A. F. L. Bell, of San 
Francisco, shows that in only 700 square miles in California 
there will be a probable total production of nearly 17,600,- 
000,000 barrels, of which less than 400,000,000 barrels have 
already been taken out. This is about double the maximum 
output estimated by the Geological Survey, which would, to 
say the least, indicate that the latter’s figures of nearly twenty- 
five billion barrels for the United States, is conservative. All 
of this oil, it is true, is not available for fuel, though the pro- 
portion is large, and with such enormous figures before us we 
need have no fear for a fuel-oil supply sufficient to meet the 
needs of the Navy. 

Through the courtesy of the Editor of the “ Oil and Gas 
Journal,” of St. Louis, I am able to quote some figures show- 
ing the state of oil production in the United States for the 
vear 1910. 

“ California produced in 1910 at least 50,000,000 barrels 
of crude oil that is fit for use at the well, in gravity ranging 
from 11 to 25 degrees Baumé, much of it below 20 degrees, 
or not above that. Texas and Louisiana in 1910 produced at 
least 7,000,000 barrels of crude oil fit for straight fuel, gravity 
17 to 23. Oklahoma and Kansas produced in 1910 about 
2,000,000 barrels of crude oil fit for fuel, gravity 27 to 30 
degrees. Illinois produced in 1910 about 1,000,000 barrels 
of crude oil fit for fuel, gravity 26 to 30. These figures are 
quoted in round numbers, to give an approximate idea of the 
straight fuel-oil production of the United States in 1910, with 
no expert or technical analysis of the quantity and varying 
qualities of the grades that fall within the degrees of gravity 
that permit use direct from the well. 

“In residuum from refineries, both of strictly refining grades 
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and grades of straight fuel crude from which a small per cent. 
distillates have been extracted, the lump quantities may be set 
down about as follows: California, 10,000,000 barrels ; Okla- 
homa, 15,000,000 barrels; Illinois, 8,000,000 barrels; Texas 
and Louisiana, 3,000,000 barrels; miscellaneous, 8,000,000 
barrels; giving a total of 44,000,000 barrels of residuum for 
1910, and a total of straigt crude for 1910 of 60,000,000 
barrels, the total production of all grades of crude in the 
United States in 1910 being 205,000,000 barrels.” 

The publication of the Bureau of Steam Engineering's speci- 
fication calling on the shipbuilders to furnish oil burners of the 
mechanical atomizing type found American engineers unpre- 
pared. We still adhered to steam and air atomizers and they 
were doing well, but there was not an American burner on the 
market that would fulfill the conditions. 

If there had been any disinclination before, to go abroad for 
advice, there was none now. A small coterie of distinguished 
engineering tourists at once took ship for England, and the 
result was that there are in the Navy today four differem 
designs of mechanical atomizers and all of them foreign im- 
portations. Mostly they have done well, and credit is due to 
the men who have thus succeeded with a new thing here. But 
much has already been learned in our present brief experience 
about “ what not to do,” and errors which were of little mo- 
ment in torpedo boat destroyers, or where oil was burned occa- 
sionally as an adjunct to coal, must not be perpetuated on an 
exclusively oil-burning battleship. 

The conditions applicable to a high-powered cruiser or bat- 
tleship of our Navy will not be found in any other navy in the 
world. We have some local color, and it is well that we have, 
for it is that alone which justifies our hope that our ships are, 
maybe, a little bit better than the other fellow’s. Some study 
of the oil-burning problem as it applies to the projected “ oil 
battleships” of our Navy is therefore justified, and it will be 
surprising if some good does not result therefrom. 

Shortly after the appearance of those famous specifications 


of 1907 The Babcock & Wilcox Company commenced a series 
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of experiments on burning oil with mechanical atomizers. 
3egun, first in connection with a brick “oven” furnace with 
no boiler, and continued under the B. & W. boiler of the steam 
yacht /dalia, they are still being carried on under a test boiler 
practically identical with the B. & W. boilers of the battleships 
Wyoming and Arkansas. Elsewhere in this issue of the Jour- 


NAL will be found the results of tests made by a board of naval 
officers on this boiler, with oil fuel and with an American sys- 
tem of atomizers and furnace arrangement. These tests have 
been followed by experiments with coal and oil in combina- 
tion, using both round and flat-flame oil burners. These have 
justified our belief that under service conditions it is extremely 
difficult, if not impossible, to get efficient results with either 
fuel if both are used in combination. Regardless of other 
things, oil improves the steaming capacity when burned with 
coal, but better capacity would be obtained by burning the 
same amounts of the two fuels in separate furnaces. 

With mechanical atomization, as with steam atomization, 
the construction of the furnace and the method of admitting 
air is of paramount importance. ‘The large furnace and slop- 
ing-root baffle of the Babcock & Wilcox marine boiler have 
been found admirably suited to oil-fuel conditions, and very 
high capacities have been obtained with excellent economy and 
perfect distribution of the oil flame. It is a simple matter to 
prevent all smoke, but better results are obtained with a light 
cloud from the funnel, which would not, however, be visible 
at a distance of a few miles. 

Contrary to a popular fallacy, the oil does not issue from 
the tip of the atomizer as a revolving spray, but the particles 
of oil fly off radially from the tip in the form of a cone. The 
air for combustion should-preferably be given a whirling mo- 
tion round the oil spray, the direction of rotation being prac- 
tically immaterial, but the velocity and method of controlling ° 
and producing the whirling air current being of vital import- 
ance in its effect on the combustion, and also on the shape and 
character of the resulting flame. It should be the aim of the 
designer to obtain results with the lowest air pressure possible, 
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and the field for burning oil by this method with natural draft 
is already being invaded. 

The oil should not be heated above its flash point. Besides 
being dangerous, high heating of the oil is not necessary. 
The action of the atomizer is distinctly mechanical, and evap- 
orative tests have shown that the only advantage in heating the 
oil is in reducing its viscosity to a point where the centrifugal 
force imparted to the liquid will reduce it to a fine spray. The 
reduction in viscosity due to heating is very rapid at the lower 
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20 
VISCOSITY 


temperatures and some heating is necessary for the production 
of a spray of sufficient fineness. A temperature is soon 
reached, however, above which not only is there no improve- 
ment in the spray, but the capacity of the burner is greatly 
reduced. Plate I shows the effect of heating on the viscosity 
of the oil, and it will be observed that within 100 degrees of 
the flash point very little reduction in the viscosity takes place. 
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Heating the oil to a point within 50 degrees below its flash 
point is all that should ever be required. 

The density of the oil is a decided factor, and atomizers 
which may handle very nicely indeed oil of 25 degrees Baumé 
may get into trouble with heavier oils such as 16 degrees or 
18 degrees Baumé. The oil burner that goes into a battleship 
ought to be given a good dose of heavy oil before it is mustered 
into service. 

DENSITY OF OIL. 


Degrees Baumé. Specific gravity. Pounds per gallon. 
12 .986 8.22 
14 | 973 8.11 
16 .960 8.00 
18 .948 7.90 
20 .936 7.80 
22 924 7.70 
24 913 7.61 
26 .901 7.51 
28 .890 7.42 
30 880 7.33 
32 .869 7.24 


With oil of low viscosity a good atomizer will work at 50 
pounds pressure, but the spray will improve and become finer 
as the pressure is increased to 100 or 150 pounds. Increased 
pressure naturally increases the capacity of the burner. 

As mentioned above, however, the capacity is also affected 
by the temperature of the oil. Assuming that the pressure 
remains constant, the capacity of the burner first increases as 
the temperature of the oil is raised to a point where the vis- 
cosity of the liquid is sufficiently reduced. After that con- 
tinued heating of the oil results in lowering the capacity of 
the burner. This is shown clearly by the chart in Plate IT. 

The two factors, temperature and pressure, taken together, 
provide a wide range of capacity and form a ready means of 
controlling the steam output, in that they act alike on all 
burners in operation. Further, if the air or draft pressure is 
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also altered with the oil supply the desired steam pressure with 
the maximum efficiency is readily maintained. Any great 
increase or decrease in capacity should be taken care of by 
lighting up or extinguishing additional burners, each of which 
should have its individual air supply, so that it can be turned 
on full when the burner is lighted or shut off entirely when 
the burner is put out of service. Adjustments on the burner 


Curve ¥ Burner Capacity at different Temperatures 


Peabody Mechanical Burner 


Round Flame. SEaE| 
00 lbs. Pressure. 


TEXAS CRUDE OIL 
USED THROUGH OUT. 


240 260 
0 2 


25 0 320 340 360 380 400 420 440 460 490 


280 300 
290 3 330 350 310 0 410 430 450 410 
POUNDS OF OIL PER BURNER PER HOUR. 


70 


for regulating the quantity of oil are unnecessary and, in fact, 
objectionable. It requires a lot of labor to adjust the individual 
burners every time the steam pressure. varies, and, further- 
more, unless great judgment is displayed by the operator in 
adjusting the air supply at the same time, there will be either 
too much smoke and incomplete combustion, or excess of air 
entering the furnace, with a resulting loss in efficiency. A 
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slight adjustment at the oil pump or the heater, and the blower, 
will do the trick with economy and dispatch. 

In conclusion, the writer wishes to point out that oil fuel, 
while presenting possibilities as to high capacities and high 
evaporative results quite incapable of accomplishment with 
coal, also offers to the careless operator opportunities for 
wastefulness which the worst coal-heaver cannot hope to ap- 
proach. Quantities of oil can be burned under a boiler, to all 
appearances in an alluringly beautiful fashion, without making 
any steam at all. Under the same conditions a coal fire would 
go out. 

Careful operation is a prime requisite for economical per- 
formance. Further, every point of boiler design which is 
conducive to efficiency with coal, applies equally to oil, and in 
addition, too much stress cannot be laid on proper furnace 
design and arrangements for admission of the air for com- 
bustion. Fortunately there is no mystery about it; simplicity 
of construction is still possible and preferable, nor do we need 
the higher mathematics or very much abstruse theory to 
prophecy success for the oil-burning battleships of the future. 
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FRICTION AND LUBRICATION. 
By LigruTENANT G. J. Meyers, U.S. N., 
School of Marine Engineering. 


(Comment and suggestions for further investigation are invited. ) 


FRICTION. 


When two surfaces are pressed firmly together they cannot 
be moved relatively to one another without the exercise of 
considerable force. When, by applying sufficient force, the 
surfaces have commenced sliding one over the other, the re- 
sistance to be overcome in order to keep them in relative 
motion has at all speeds a considerable retarding effect. This 
resistance is called the friction between the two surfaces. 
Friction, then, is that resisting force which always acts to 
prevent and to retard the relative motion of one particle or 
body in forced contact with another particle or body. 

Friction acts at the surfaces of contact of the two particles 
or bodies between which it is exhibited, and in the direction 
of their common tangent, resisting relative motion in what- 
ever direction it may be attempted to produce motion. Fric- 
tion is thus always a resisting force. 

Friction is of two kinds: (1) Solid friction, that exhibited 
between solids; and (2) fluid friction, that due to the move- 
ment of particles of liquids or gases over each other or over 
solid bodies. Solid friction is of two kinds: (1) Sliding 
friction, where one solid slides over another; and (2) rolling 
friction, where one solid rolls over another. 


I.—Sliding Friction. 


The friction between solids is caused by the roughness and 
unevenness of the surfaces in contact. In the case of sliding 
friction, the asperities of one surface interlock with those of 
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the other, and motion can only take place by the sliding of the 
one set over the other, by the tearing off of the projecting 
parts, or by rubbing them down. In either case the process 
gives rise to a resistance, which is the greater as the rough- 
ness is greater and material softer, and the less as the sur- 
faces are smoother and material harder, in each case depending 
on the amount of foreign substance interposed between the 
surfaces. This resistance increases as the pressure holding the 
two surfaces together increases, and reaches a maximum when 
the two surfaces due to this pressure become welded together. 
In this case the maximum resistance becomes the shearing 
strength of the metal at the point of welding. 

Sliding friction may be measured, and as measured is treated 
as a force retarding motion. The relation borne by this 
force to the load or force pressing the surfaces together has. 
been the subject of much speculation and discussion, and 
although numerous experimental researches have been carried 
out, there has always been a conflict of opinion. The gen- 
erally accepted relation, called “ the coefficient of friction,” is 
the ratio between this retarding force, or the force necessary 
to move an object or keep it in motion, and the force pressing 
the surfaces together. Thus if a weight of 2,240 pounds of 
one substance be placed on a horizontal plane of another 
substance, and a force of 350 pounds be required to move it, 

Qe 


then the coefficient of friction is 3940 = 0.156, or, as com- 


= u, where F is the resistance 
due to friction, or is the force applied necessary to produce 
motion, W is the force pressing the surfaces together, and u 
is the coefficient of friction or the friction per unit of load. 
The force required to start a body from rest along a hori- 
zontal plane surface differs somewhat from the force required 
to keep the same body in motion over the same plane. This 
will give varying values for the coefficient of friction. The 
first is called the “ static coefficient of friction,” and the second 
the “ kinetic coefficient of friction.’ 


monly expressed, the relation 
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The power which is expended in overcoming the frictional 
resistance of two rubbing surfaces and in keeping them in 
motion is converted into heat, and increases the temperature 
of the masses in contact. When the amount of friction is 
small, the heating of the masses is also small, but should the 
frictional resistance become large from any cause, the heating 
of the materials in contact may become so great that the 
opposing surfaces become brittle, melt, or even weld together. 

It is clear that some relationship exists between the work 
done and the heat produced. In the case of sliding surfaces 
in contact under pressure, 

W=—Total pressure in pounds on the rubbing surface; 

u—Coefficient of friction; 

V=Velocity of rubbing in feet per second: 

R—Force of friction; 
then 

work done—=WuV=RV, where u _R ’ 
W 
and 
B.T.U.’s of heat developed per sec.= — a =. 

G79 779 

The heat generated then by two bearing surfaces in relative 
motion is proportional to the friction overcome. The actual 
rise of temperature of the bearing surfaces depends not only 
on the rate at which heat is generated, but also upon the con- 
ductivity of the metals in contact and radiation from other 
exposed parts, so that frictional resistance cannot be propor- 
tional to the rise in temperature. 

The maximum value of the force of friction in practice is 
that value where seizing begins. Values below this point 
depend on the pressure holding the surfaces together and 
consequently on the amount of abrasion, the temperature of 
the masses, the smoothness of the surfaces, the amount and 
character of foreign substances interposed between the sur- 
faces, and the structure of the two surfaces. This probably 
accounts for the different values of the coefficient of friction 
for the same substances found by different experimenters: 
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the surfaces had different degrees of smoothness and clean- 
liness, temperatures were not kept constant, and the sub- 
stances differed somewhat in structure. 

The kinetic coefficient of friction for different substances 
has been found by experiment with machines of various de- 
signs, usually with a disc of one material attached to a ver- 
tical shaft and moving over a surface of the same or different 
material, the force of friction being measured by a lever with 
a movable weight attached to the lower surface with the 
weight adjusted at a known point just sufficient to balance the 
force of friction and keep the lower surface from revolving. 
The weight pressing the disc on to the surface may be varied 
by placing weights on the upper end of the shaft. Or the 
friction may be measured by a bearing placed on top of a 
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Fig. I. 

revolving horizontal shaft and the force of friction measured 
by moving a weight along a graduated beam attached to 
the bearing, to such a point that the bearing will not re- 
volve with the shaft. The force pressing the surfaces together 
may be varied by placing different weights on the top of the 
bearing. In all cases it has been found that the coefficient 
of friction will vary for pressure, temperature, cleanliness 
and smoothness or fit of the two bearing surfaces and the 
structure of the two substances in contact. 

Frictional resistance is approximately proportional to the 
load, is almost independent of the area of surface, and, ex- 
cept at very low speeds, decreases as velocity increases. 

“The coefficient of friction is not constant for varying 
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speeds, but decreases materially with velocity, is very much 
greater at minute velocities of 0+, falls very rapidly with 
minute increases of such velocities, and continues to fall much 
less rapidly with higher velocities up to a certain varying 
point. It is practically constant for varying loads and is in- 
dependent of area of the surfaces in contact provided seizing 
does not take place.” 

The most common method of measuring the coefficient of 
static friction is by starting from rest one surface placed in 
contact with a stationary horizontal surface as indicated in 
Fig. 1. The load is varied by varying the weight on the upper 
or movable surface (A). In this, weight (R) is the static 
friction if it just starts (A) from rest, and the coefficient 


of static friction is R , neglecting friction of pulley and cord. 


W 
Il.—Rolling Friction. 


Rolling friction, or resistance to rolling, is a consequence of 
the irregularities of form and the roughness of the surfaces 
of bodies rolling, one over the other. Its laws are not defi- 
nitely established, in consequence of the uncertainty that exists 
in experiment as to how much of this resistance is due to 
(1) roughness of surface; (2) original and permanent irreg- 
ularity of form; (3) distortion under the load; and (4) slid- 
ing friction. It is customary to take the resistance as propor- 
tional directly to the load and inversely as the radius of the 
rolling cylinder or wheel, or 


. 


ult a 
Yr 
where R—frictional resistance, 
u=coefficient of friction, 
W=load, and 
r—radius. 

Then 
Rr 
W? 
where the effort applied is at the axis as in the case of a 
wagon wheel. 


u=— 























FRICTION AND LUBRICATION. 505 


When the effort acts at the circumference of the roller or 
wheel, as where straight-lined surfaces have relative motion 
on interposed rollers, the force of friction becomes 


_IMW Rr 
= 


2 
< vi) = s 
R and M: W 


The friction is unaffected by change of temperature. 

The coefficient of friction of ball bearings at high speeds 
is rather higher than that of ordinary bearings well lubricated, 
but is less than that of ordinary bearings imperfectly lubri- 
cated. The friction of ball and roller bearings is small at very 
low speeds and with small loads, much smaller than ordinary 
bearings perfectly lubricated. 

In all cases where ball bearings are used, it is absolutely 
imperative that there should be freedom from shock, for a 
smart blow will either break the balls or destroy the accuracy 
of the surfaces upon which they run. 

The expression for friction of ball and roller bearings given 
above is subject to wide variations due to the different angles 
of the race-way surfaces to the instantaneous axis of revolu- 
tion (see Fig. 2). As a rule, the smaller these angles the less 





~ 
x and y¥* angles instantaneoys axis 
makes with raceway 
\ 
ab=imstantaneous axis ‘ 


Fig. 2. 


is the friction, as in this case the sliding friction is reduced. 

Just what difference there is between the friction of ordi- 
nary bearings and ball bearings under similar conditions seems 
to have been subject to very little experiment, and will vary 
widely with design and thoroughness of lubrication. 


Ill.—Fluid Friction. 


Fluid friction is due to the movement of liquids or gases 
over each other or over solid bodies. When a fluid moves in 
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contact with a solid or when it flows in a current through 
a mass of fluid, precisely the same conditions arise. In either 
case the resistance experienced is due to the relative motions 
of layers of fluid moving in contact with each other, provided 
the solid surface is wetted with the liquid. 

Much of what is written on fluid friction is speculation, 
most writers confounding viscosity as determined by the vis- 
cosimeter with fluid friction. So far no relation has been 
found to exist between the two. There seems to be some 
agreement, though, on the fact that though viscosity does 
enter somehow into the determination of the frictional value 
of a liquid, there are other properties that have a greater in- 
fluence on a liquid’s frictional value. These are greasiness, 
oiliness, unctuousness, or “ body,” and surface tension. Ex- 
periments, however, to determine what these values are and 
their effects on liquid friction have not been conducted. 

There is no question, though, that the friction of liquids 
is much less than that of solids; this being proved by inter- 
posing fluids between solid rubbing surfaces and thereby re- 
ducing the friction. 

Opinions differ as to the laws of fluid friction, but there 
seems to be no doubt that friction of fluids (1) decreases 
with rise of temperature, (2) is proportional to the area of 
the surfaces in contact, (3) is independent of the pressure 
or load, and (4) follows a condition expressed by Ra, 
when flowing in narrow and confined channels such as ca- 
pillary tubes below a certain velocity called the critical ve- 


nDAV? 
2 


locity ; and a condition expressed by R= when flowing 


in large tubes and above the critical velocity. 

Thurston says in “Friction and Lubrication”: “ Fluid 
friction * * * is probably independent of pressure. In 
hundreds of experiments with pressures varying from 5 to 
275 pounds to the square inch, I have found friction of well 
lubricated journals to vary in such a manner as to prove that 
the law which governs such cases is quite different from that 
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which applies with dry solids, and have thus found the de- 
duction above given confirmed.” And further in “ Friction 
and Lost Work,” Thurston says: “ The friction of any fluid 
is found to be independent of the pressure, as first shown 
by Coulomb * * * and by many later observers * * *” 
In discussing “A New Oil-Testing Machine and Some of its 
Results,” by A. Kingsbury, Thurston says: “ It follows that, 
since the product of the coefficient of friction and the pressure 
is, under such circumstances, practically constant, the total 
frictional resistance, under similarly perfect conditions, is un- 
affected by change of load on the journal.” Unwin in “ Ele- 
ments of Machine Design,” part I, taking Tower’s results as 
a basis, arrives at the expression that total friction divided 


R 
by area, 77 = ¢, V, an expression that does not seem to be 


exact for velocity, but which concludes that friction of fluids 
is independent of load. 

That fluid friction as applied to lubrication varies as the 
velocity seems to be well established, though the statements 
of various writers show a disagreement as to the acceptance 
of this law. Archbutt and Deeley, in “Lubrication and Lubri- 
cants,” state that “ carefully conducted experiments by Cou- 
lomb, Poseuille and others, on the rate of flow through ca- 
pillary tubes, have proved conclusively that the resistance 
under certain conditions is proportional to velocity,” and 
“the critical velocity is rarely if ever reached by lubricating 
films.’ Watson, in “ Text Book on Physics,” states that R, 
the tangential resistance to motion of a layer of liquid moving 

Van 


over another layer of liquid, is proportional to, R = = 


where /’=velocity, 
a—=area of surface, 
s==distance of surface from fixed plane, 
n=—=coefficient of viscosity, 
where » is found from Poiseuille’s formula, 
apr* 


Volume of liquid passed per sec.—=-<>- . 
Sin 
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O. Reynolds (*) states “in the definite experiments made 
by Coulomb, and particularly by Poseuille, it was found that 
resistance (in liquids) was proportional to velocity.”’ 

Confusion on this subject can be avoided by considering 
on what data deductions are based. Most authors attempt 
to deduce laws of fluid friction from results obtained in ex- 
periments with lubrication where the conditions are not nor- 
mal. In particular the velocity is different and the friction 
of the fluid is not measured by the movement of one layer 
of fluid over another, with all particles moving in parallel 
directions. Some of these erroneous deductions are based 
(1) on imperfect lubrication, where the supply of lubricant is 
so limited that the metals touch and the resulting solid fric- 
tion confuses the data obtained; (2) failure to consider the 
fact that the particles of liquid are not confined at the sides 
and that they move longitudinally as well as transversely; 
(3) failure to consider the fact that the temperature of the 
entering fluid as well as the temperatures of the bearing, jour- 
nal and interposed liquid film affect the results. 


LUBRICATION. 


The most serious loss of power in transmitting energy by 
mechanism of any kind is that due to frictional resistance be- 
tween rubbing surfaces. Peabody states that the loss of power 
due to friction in a steam engine varies from 5 to 15 per cent. 
of its ILH.P. 

It has been found that the frictional resistance of two solid 
surfaces rubbing on each other will be reduced by interposing 
between them certain foreign substances. Thus if the sur- 
faces are contaminated by dirt, a film of oxidized metal, or 
a very slight film of grease, they will have less friction than 
if they are perfectly clean. But where the foreign substance 
interposed is solid, it is soon rubbed away and a new supply 
must be provided. But two rubbing surfaces will not carry 





*** Theory of Lubrication,” by Prof. O. Reynolds, Philosophical Trans. of the Royal Society, 
Vol. 177. 
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solid substances in between them by the mechanical action 
due to the motion of one or both. Where a liquid is inter- 
posed between the rubbing surfaces the friction will be reduced 
to approximately that of the liquid so long as the two surfaces 
do not touch. But‘the liquid is soon squeezed out from be- 
tween the surfaces, due to the load they carry, and a new 
supply must be applied. The case of a new supply of liquid 
differs from the case of a new supply of solid in that, with the 
liquid, the mechanical action due to the motion of one or both 
surfaces will cause to be continually maintained between the 
rubbing surfaces a film of liquid if the liquid is applied in 
sufficient abundance to one or both of the moving surfaces. 

The theory of lubrication may then be stated to be the in- 
terposition between two rubbing surfaces of some suitable 
liquid, the supply being constantly renewed by the mechanical 
action of the moving surface, so that a continuous film of 
liquid is maintained between the surfaces, reducing the fric- 
tion from that of solid rubbing on solid to that of a layer of 
liquid rubbing on a layer of liquid, or to the resultant of 
solid rubbing on solid in spots and of liquid rubbing on liquid 
in other spots, depending on the perfection or imperfection 
of the supply of liquid and its quality. 

Air has been successfully used as a lubricant by Prof. A. 
Kingsbury,* the coefficient of friction being found to be 
0.00075, where the load was the weight of a journal revolving 
on half of a bearing. When the journal was started, the 
metals rubbed on each other and it required considerable force 
to maintain motion, but as the speed increased, a film of air 
formed between the journal and brass, and the force required 
to maintain speed and consequently the frictional resistance 
diminished until the journal was slowed down, when at a 
certain point the film broke down. 

In practice the limits of friction for a bearing are a maxi- 
mum at that point where the softer of the two metals starts to 
seize, and a minimum at that point where the two surfaces are 
entirely separated by a film of lubricant of such quality that 





* Chemical Trade Journal, Vol. XXVI, p. 232. 
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this film will not break down under the heaviest loads that 
will be applied to that particular bearing. All results between 
the maximum and minimum are due to imperfect lubrication; 
that is, the amount of frictio.. is greater or less depending on 
the solid surfaces touching to a greater’ or less extent and 
consequently producing a greater or less amount of abrasion. 

In order, then, to reduce the friction of rubbing surfaces to 
a minimum, the ideal to be attained is that condition where the 
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Fig. 3. Fig. 4. 


film of lubricant is constantly maintained between the sur- 
faces, this film constantly keeping the two surfaces apart 
and preventing them from rubbing one on the other. 

There is more difference of opinion cdncerning the laws of 
lubricated surfaces than on the laws of fluid friction, but those 
laws which have the best evidence to support them are as 
follows: 

(1) Friction of lubricated surfaces decreases with the rise 
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of temperature of the bearing and journal, of the film of 
interposed lubricant, and of the supply of lubricant. 
(2) Friction of perfectly lubricated surfaces is propor- 
} tional to the area of the rubbing surfaces between which the 
film of lubricant is interposed. 
(3) Friction between perfectly lubricated surfaces is inde- 











Fig. 5. Fig. 6. 


pendent of the load up to where the film starts to break down 
and the surfaces begin to touch. 

(4) Friction between perfectly lubricated surfaces bears 
the following relation to speed: 


rah —(K+ KV"). 
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where A=area of surfaces between which film is inter- 
posed, 

R=friction of lubricated surfaces, 

r=friction in pounds per square inch, 

V=speed in foot seconds, 

K and K, are constants depending on quality of 
lubricant, and its temperature, 

n is a constant found to be approximately .8 from 
the results of Tower’s experiments for mineral 
grease, mineral oil, lard oil, olive oil, for speeds 
from 2 feet to 7 feet per second, and for lard 
oil from results by the author from 7 feet to 13 
feet per second. 

The equations for the above-mentioned oils are as follows: 


Tower . Mineral grease r—.1596-+.2154V 8 (1) 
Mineral oil r=.1626+.1198V-8 (2) 
Lard oil r=.10688+-.14806V."8 (3) 
Olive oil r=.1185+.1491V °§ (4) 
Meyers . Lard Oil r—=.0845-+-.1402V-§ (5) 


Substituting values of V from zero to 7 in the first four 
equations, the results are plotted in figures 7, 8, 9 and 10. 
Substituting values of V from zero to 13 feet per second in the 
fifth equation, the result is plotted in figure 11. In all the 
curves both calculated and actual results are plotted. The 
close coincidence of the actual results with those computed 
shows that the relation r-—=K+K,V°8 holds very closely, and 
shows that the ideal lubricant would have K,—0, with con- 
stant temperature. 

The references previously given to Unwin and Thurston 
as to relation between frictional resistance and load or pres- 
sure in regard to fluid friction, apply as well in the case of 
perfectly lubricated bearings (see p. 7). 

The relation between friction and speed in perfectly lubri- 
cated bearings has been in some doubt. The relation given 
above is deduced from Tower’s experiments plotted in Figures 
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3, 4, 5, and from experiments made by the author on a 
Riehlé testing machine, the results for lard oil being plotted 
in Figure 6. 

It would appear from this relation, y—=K+K,V", that 
when V is zero, r==K, and that consequently K is the static 
friction. This would indicate that the static friction is less 
than the kinetic friction. That this is possible and probable 
there seems to be no doubt. Archbutt and Deeley state: 





Fig. 7. 


“From a number of experiments made by Kimbal, it would 
also appear that although there is no abrupt transition be- 
tween the static and kinetic coefficients, the friction of motion 
is not always less than the friction of rest. This is more 
particularly the case when the loads are small or the surfaces 
are lubricated.”’ 


34 
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Fig. 8. Fig. 9. 








Fig. 10. 
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Fig. Il. 


I.—The Action of a Lubricated Bearing. 


B. Tower experimented on actual bearings lubricated with 
an oil bath and obtained very uniform results. Since his time 
numerous experiments have been conducted on lubrication, 
but have been lacking in value for the reason that the supply 
of oil was always limited, the results giving fluid friction 
combined with solid friction and showing no regularity when 
repeated under the same conditions, excepting tests made 
by A. Kingsbury in 1903. Osborne Reynolds worked out a 
mathematical theory of lubrication which when applied to 
Tower’s results agreed very closely. 

One important fact discovered by Tower was the distri- 
bution of pressure on a perfectly lubricated bearing. This is 
illustrated in Figure 12, where the bearing was placed on 
the top of the revolving journal and the load was made to 
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Fig. 12. 


act in a vertical line through the center of the bearing. This 
condition would not be obtained in a reciprocating engine 
where the load is alternating first on one side then the other, 
except perhaps momentarily, but would be obtained on a 
turbine bearing. Figure 13 shows a curve of loads and pres- , 








Fig. 13. 
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sures obtained by attaching a pressure gage to the center of 
the bearing of a Riehlé machine. It will be noted in both 
Figs. 12 and 13 that the maximum pressure recorded far 
exceeds the load per square inch on the bearing. It also shows 
the folly of attempting to introduce oil at any point of the 
bearing without considering in what direction the load is 
acting or what is the character of the action of the load.* 
Referring to Fig. 12, it is seen that the pressures are zero 
at the ends where the oil runs out of the bearing, and zero 
also at the on-side and at the off-side edges. The resulting 
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Fig. 14. 


pressures are due to forcing the oil between the bearing and 
journal by no other means than the mechanical action of 
the revolving journal. This action caused the film of oil 
to form and be maintained between the bearing and journal 
so long as the supply of oil was abundant, and the bearing 
was allowed to take all the oil it could use. 

From the fact that oil enters on the on-side and is carried 


* Professor John Goodman states in ‘‘ The Friction and Lubrication of Cylindrical Journals,” 
** Subsequent experiments of the author on other machines entirely confirmed the results of the 
original experiment, and most clearly demonstrated that the practice of putting oil holes or grooves 
in brasses along the resultant line of pressure is radically wrong, and should be studiously avoided,” 
and also states in the case of “a brass where an oil groove is cut along its crown, and an oil hole is 
drilled through the top of the brass into it.’’ ‘‘This method of cutting oil grooves cannot be too 
strongly condemned ; for not only is the friction enormously increased, but a bearing cannot be 
lubricated in this fashion if a syphon only is used.”* 
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in between the rubbing surfaces by the motion of the journal, 
and is ejected at the ends of the bearing, and is carried out 
to a certain extent on the off-side by the motion of the journal, 
the particles of oil take paths somewhat like those shown in 
Fig. 14, from the on-side to the ends and off-side of the 
bearing. It will thus be seen that the thickness of the oil 
film at the off-side will be less than on the on-side, the length 
of the journal being the same at all points. The journal will 
then approach closer to the brass at some point H, Fig. 15, 
on the off-side depending on the load on the bearing. 
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Fig. 15. 


In the case of a reciprocating journal, such as a crank pin, 
the conditions as given above will only momentarily be at- 
tained as the load comes on the top or lower brass. If the 
oil is supplied in large enough quantities, then when the pres- 
sure or load is relieved on one brass, the oil should immedi- 
ately fill the clearance space between the brass and the crank 
pin and the film should have formed when the load again comes 
on that brass. By also taking advantage of the movement of 
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the crank pin to mechanically form the oil film, additional 
assurance is had that the film will be formed by the time the 
load again comes on the brass. 


Il.—Wear and Heating of Journals and Brasses. 


Before the journal starts to rotate the effect of the load 
will have brought the brass into contact with the journal at 
0, Fig. 15. At starting the surfaces will be in contact, and 
the initial friction will be between solid surfaces, causing some 
abrasion. If oil is not immediately applied the friction will 
continue between solid surfaces, causing continued abrasion 
and heating. After motion commences the surfaces gradu- 
ally separate as the velocity increases, and if the supply of 
oil is abundant the oil film gradually forms. But the oil film 
does not immediately form even with an abundant supply; 
and between the time of starting and until the oil film is 
established the friction is between solid surfaces, and there 
is some wear of the brasses. If, on the other hand, the supply 
of oil is limited when starting, the oil film will sometimes 
take hours to form and the time that the friction is between 
solid surfaces is increased and wear is greatly increased. This 
was definitely demonstrated by the author on a Riehlé testing 
machine. The oil supply was limited and the indications of 
the oil film forming were shown by pressure gage, as previ- 
ously described. In one case, as an example, it took three 
hours and fifty minutes for the oil film to form, during which 
time it seemed to form and break intermittently, the pressure 
starting up slowly then suddently dropping to zero. In the 
meantime, by varying the load, the friction increased approxi- 
mately with the load, showing that it was solid friction. When 
starting machinery, then, every bearing should be furnished 
with an abundant supply of oil, for if the oil supply is suf- 
ficient, the time it takes to establish the oil film is reduced 
and consequently solid friction and wear are reduced. The 
time taken to establish the oil film with various loads, starting 
the journal from rest with an abundant supply of oil on the 
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journal at starting, varied from 4 minutes 30 seconds to 
7 minutes 30 seconds on the Riehlé machine used by the 
author. 

If, after starting, the supply of oil is limited; that is, the 
journal is not getting sufficient oil to establish an oil film, 
friction is going to continue between solid surfaces to a 
greater or less extent depending on the supply of oil, and 
abrasion will continue as long as the machinery is running 
and the supply of oil is insufficient. And although the supply 
of oil is insufficient for the journal to maintain an oil film, 
the temperature of the bearing may not become excessive, 
unless there are abnormally bad conditions of fit between 
journal and bearing. This case is well illustrated where an 
engine is lubricated by wick feed, and the number of strands 
of worsted is carefully worked out for each speed on the 
basis of keeping the temperature within working limits. Great 
economies of oil are attained, but it is not taken into consider- 
ation that the bearings are wearing excessively and that the 
cost of the oil saved will not pay for new bearings nor for 
the cost of having to lay up the machinery for repairs.* 

Professor Goodman states: “ Many people imagine that as 
long as a bearing occasionally gets a few drops of oil from 
an oil can that it ought to run cool and with but little friction, 
but this is a most fallacious idea, both from a frictional and 
economical point of view,” and he further states: “ Syphon 
lubrication and all other intermittent systems of dropping on 
to bearings are most barbarous, they not only waste an enorm- 
ous quantity of oil but are very inefficient methods of reduc- 
ing friction. The intermittent action causes the friction to 
vary most widely, to such an extent that it is quite out of 
the question to attempt to get reasonably regular results with 
this system.” 





* In the case of a ship in the Navy in 1906, that was held up as a model for oil consumption on the 
main engines, the number of wicks for each speed was carefully adjusted and the ship was a great oil 
saver. But in a four-hour, full-speed run the same ship attempted to save oil by the same method, 
and melted the white metal from one main bearing and had other hot bearings on both main engines, 
that necessitated slowing down and limping into port with one engine. No record of wear of bear- 
ings was kept, but the above illustration shows of what use this ship would have been in action under 
similar conditions. 
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If, on the other hand, with an abundant supply of oil, the 
condition of steady lubrication has been attained, the surfaces 
are completely separated by oil, and there should be no wear. 
But if there is wear, as there generally is from one cause or 
another, it would take place most rapidly where the surfaces 
are nearest, that is, at GH on the off-side of O (Fig. 15). 

Thus while the motion is in one direction, the tendency to 
wear the surfaces to a fit would be confined to the off-side of 
O, along GH (Fig. 15). As the position of GH varies 
with the load, the wear would be distributed over an arc of 
small extent on the off-side of O, if the load were varied. This 
appears to offer a very simple and well-formed explanation 
of the important and common circumstance that new sur- 
faces do not behave so well as old ones; and of the circum- 
stance observed by Tower, that in the case of the oil bath, 
running the journal in one direction does not prepare the brass 
for carrying a load when the journal is run in the opposite 
direction.* This does not, however, take into consideration 
the effect of a misfit in the journal and brass. 

If the surfaces are not strictly parallel in the directions TU 
and VW (Fig. 16), the pressure would be greatest in the 


Bearing 
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Journal 


Fig. 16. 


narrowest parts, causing axial flow from those into the 
broader spaces. Hence, if the surfaces were considerably 
irregular, the lubricant would, by escaping into broader spaces, 
allow the brass to approach and eventually to touch the jour- 





*In the case of the U.S. S. Virginia, where the engines were changed from in-turning to out- 
turning, “‘ the bearings were not changed, and gave trouble from the first * * *. After the full- 
power trial the main bearings and crank-pin brasses ran so hot that renewal was a necessity.”’ This 
was due to the fact that the bearings had worn to a good working fit in the ahead direction for in- 
turning, and had not worn to a good fit for the backing direction for in-turning; in other words, the 
ahead direction for out-turning. 
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nal at the narrowest spaces, and this would be particularly 
the case near the ends where the pressure is zero. 

It may be assumed generally that inequalities exist in the 
surfaces of new-brasses and journals. And as the surfaces, 
according to their material and manner of support, yield to 
pressure, the brass will close on the journal at the ends where, 
owing to the escape of oil, there is no pressure to keep them 
separate. The section of new brass and journal lubricated 
will therefore be as shown in Fig. 16, the thickness of the 
film instead of being uniform will vary from zero to the 
maximum, being less at the ends. In this condition wear 
will take place at the points of contact, so that if the journal 
runs in one direction only the wear will be at the ends and in 
the vicinity of GH (Fig. 15), during which wear the friction 
will be great and attended with more or less heating and pos- 
sibly serious abrasion. So long, however, as the journal runs 
in one direction only, the wear will take place on the off-side 
(at GH, Fig. 15), and the bearing will be worn to fit. In 
the meantime the bearing on the on-side will not be similarly 
worn, so that if the journal is reversed, the wear on the 
on-side will begin and the bearing will again heat more or 
less. Even in the case of a perfectly smooth bearing the 
running of the journal under a sufficient load in one direction 
should, supposing some wear, according to this theory, render 
the bearing less well able to carry the load when running in 
the opposite direction. 

Taking the same conditions of perfect lubrication and 
supposing the oil film to be formed and maintained, in actu- 
ally fitting a brass on a journal, it was found by the author 
that a pressure gage attached to the brass indicated that the 
oil film had formed and was being maintained while the 
journal was running, but that the friction was more than it 
should have been, due to brass rubbing in spots on the journal 
as the result of poor fitting. The projections on the brass 
were probably so small as to be immeasurable, yet pierced 
the oil film and caused excessive friction, heating and abrasion 
or wear. That this condition exists will be seen when it is 
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considered that Reynolds measured the thickness of the oil 
film and found it to be about 0.000375 of an inch, the meas- 
urements of Kingsbury giving 0.00021 to 0.00023 of an inch, 
both in the case of perfectly lubricated bearings. 

Summing up the causes of heating and wear of bearings 
and journals, they may be stated as follows: 


1. Poor fit of bearing on journal; 

2. New bearings, whether properly fitted or not; 

3. Not running machinery in both directions when new to in- 
sure a good working fit for both directions of running 
when machinery is working under ordinary conditions; 

4. The elasticity of the materials of bearing and journal ; 

5. Bearings not properly supported ; 

6. Insufficient supply of oil when starting ; 

. Insufficient supply of oil after starting, which will depend 

upon (a) method of supply, and (b) where oil is intro- 
duced to the bearing. 


It is thus evident that even with perfect lubrication, the 
fitting of the bearing must not be neglected, as an ill fit will 
produce wear even after the oil film is formed and shorten 
the life of the brasses. This wear will be further reduced by 
keeping the journal from touching the brass as little as pos- 
sible when starting. This can be affected by having an abund- 
ant supply of oil at each bearing at the instant of starting. 


I1I1.—Methods of Lubrication. 


As previously stated, the ideal to be attained in lubrication 
is that condition where the film of lubricant is maintained be- 
tween the rubbing surfaces under any load that the machine 
may be forced to carry. 

In practice this ideal is not very often thought of, too much 
attention being given to saving oil and to installing the lubri- 
cation system where it is most convenient to do so from the 
standpoint of accessibility. There are, however, two general 
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systems of lubrication in use: (1) Wick lubrication; (2) 
bath lubrication. 

Wick lubrication is often nothing but lubrication with a 
limited supply of oil, the disadvantages of which have been 
previously pointed out. Under this head may be placed any 
forms of automatic lubrication which give the supply of oil to 
the bearing surfaces by drops or in a limited supply. This 
method should obviously not be used where it can be avoided, 
unless the supply is more than sufficient for the bearing sur- 
faces, and the surplus oil can be collected and used over again. 

Bath lubrication is primarily that system where the journal 
turns in a bath of oil and can at all times obtain all the oil 
it is able to mechanically carry between the journal and brass 
to form the oil film. Under this head may be placed efficient 
ring lubrication, forced lubrication, and gravity-feed lubrica- 
tion. Forced lubrication is that system in which the oil is 
supplied by pump to the bearing under a low pressure. By 
this system the bearing surfaces are assured at all times of 
an abundant supply of oil; the surplus oil running from the 
bearing and collecting in a well under the machinery, is used 
over again. Gravity-feed lubrication is nothing more than 
forced lubrication, the pressure at which the oil is delivered 
at the bearing being due to the head. The advantage of 
forced lubrication is that it not only insures an abundant sup- 
ply of oil, but in rapidly-moving reciprocating parts the oil 
is forced entirely in when the pressure is released on one-half 
of the bearing, and completely fills the space between brass 
and journal, whereas by wick lubrication this space would 
be only partially filled due to the rapidity of revolution and 
consequently the short time during which the pressure is re- 
lieved on half the bearing. 

The advantages of using bath lubrication in any of its forms 
on any machinery may be summed up as follows: 


1. Reduction of power lost ; 
2. Reduction of wear of bearing; 
3. Reduction of time necessary for adjustment ; 
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4. Reduction of time necessary for renewal of bearing; 

5. Reduction of cost of maintaining machinery ; 

6. Reduction to minimum of chance of bearing heating and 
consequent stoppage of machinery at critical times ; 

7. Reduction in attendance on machinery. 


Prof. John E. Sweet says: “ Reduction of friction of neces- 
sity implies an additional saving in maintenance, attendance, 
repairs and, above all, saving loss occasioned by delays.”* 

It is, of course, assumed that means are provided for col- 
lecting the surplus oil, filtering it, freeing it of water and 
using it over again. This feature can be used with any system 
of lubrication and will result in reduction of amount of oil 
used. 

The point at which oil is introduced to a bearing should be 
arrived at by considering (first) in what direction the load 
acts, and (second) whether motion is reciprocating or not. 

If the load is constant in direction, such as would be ex- 
hibited on a line shaft where the belting is pulling in one di- 
rection or nearly in one direction, or in a turbine where the 
weight of the turbine is acting on the bottom half of the 
bearing, then the oil should be introduced at the point of 
minimum pressure (see Fig. 12) or at a point almost at 
right angles to the line of load. In this way the full effect 
of the mechanical action of the revolving shaft is utilized to 
form and maintain the oil film if the supply of oil is abundant. 

In the case of reciprocating parts, where the load comes 
alternately on one and then the other half of the bearing, the 
oil should be introduced to take advantage of (1) the mechan- 
ical action of the revolving journal to form and maintain the 
oil film; and of (2) the release of pressure alternately on 
one and then the other half of the bearing. For this reason 
the oil should be introduced into two small chambers cut in 
the bearing metal and extending nearly the whole length of 
the bearing, one each on the on-side of each half of the bear- 
ing. This chamber if kept full of oil will give the bearing 





* Author’s italics. 
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full advantage of its film-forming properties. A circumfer- 
ential chamber should be cut in the bearing metal extending 
around the middle of the bearing, each half connected to one 
of above chambers. This chamber practically divides the 
bearing into two bearings, and, if kept full of oil, will allow 
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Fig. 17. 


the bearing to take advantage of the alternate release of 
pressure, the oil running from the ehamber into the space 
between the bearing and journal when the pressure is re- 
leased. To facilitate this action in high-speed machinery, 
oil-ways may be cut longitudinally from this chamber almost 
to the ends of the bearing. 
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For either case where the load is constant in direction, or 
is alternating on one-half of the bearing and then on the other, 
either gravity or forced lubrication may be used; but with 
high speeds forced lubrication is preferable, as it is more 
positive in its action. In either case arrangements should 
be installed for collecting the surplus oil from each bearing. 
In carrying out these ideas of oil supply, the bearings shown 
in Fig. 17 and Fig. 18 have been designed. Fig. 17 is a 
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bearing where the load is constant in direction, such as a 
line-shaft bearing or a turbine bearing. The oil may be sup- 
plied to the spaces, a a’, by either forced or gravity feed direct 
from the oil tank or from a sight feed. The oil-ways, b, 
cut near the edges, are for the purpose of collecting part of the 
oil that would run out of the ends of the bearing, and of 
allowing it to be carried around to the opposite side of the 
bearing. The oil film in this case will be maintained under 
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both c and d by the mechanical action of the rotating journal; 
the journal constantly carrying oil from a to c and from a, 
to d; and when motion is reversed, from a to d and from a, 
toc. No other oil-ways should be cut. 

Fig. 18 is a bearing where the load alternates on either half 
of the bearing. Oil is introduced at a either by forced lubri- 
cation or gravity; the spaces a and b should always be kept 
full of oil in either case. Where the oil is allowed to flow into 

















Fig. 19. 


a and b in sufficient quantity to keep these spaces full but not 
under pressure, the effect would be similar to simple bath 
lubrication, and in order to get the oil quickly to the rubbing 
surfaces the oil-ways c might be cut. The space a being kept 
full of oil, the journal is allowed to carry the oil around with 
it and form the oil film as in Fig. 17, and the space b being 
kept full of oil, the oil runs in between the bearing and journal 
longitudinally when the pressure is relieved on either half of 
the bearing. 
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In the case of thrust bearings the oil will tend to flow radi- 
ally, due to centrifugal force, and will also tend to flow cir- 
cumferentially, due to the motion of the thrust collar. ‘The 
oil should then be introduced as near the inner edge of the 
thrust bearing as is possible, at several points of the bearing, 
the number depending on the size of the shaft. Fig. 19 shows 
a thrust bearing designed to effect the result of keeping a 
film of oil constantly interposed between the thrust collar and 
bearing. Oil enters at the points a and fills the chamber B, 
and as the shaft revolves the oil works out toward the outside 
circumference of the bearing in the direction indicated by the 
arrows. In large thrust bearings, oil grooves, d, could be cut 
to facilitate the distribution of oil, but these should not be 
necessary in small thrust bearings. 
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NOTES ON METALLURGY AND HEAT TREAT- 
MENT OF IRON AND STEEL. 


THEsiIs BY LIEUTENANT S. H. R. Doyte, U. S. Navy. 


Graduate of the School of Marine Engineering. 


This paper is a compilation, in a condensed form, of some 
of the essential facts relating to metallurgy collected from 
various text-books and from observations by the writer during 
the summer of 1910. 

Iron and steel enter into almost every branch of industry 
and are naturally most essential to us; they form the largest 
manufactured product in the world. Steel, wrought iron and 
cast iron form what is known as the “ ferrous group” of 
metals, i.e., what is classed as iron and steel. Cast iron and 
steel have two characteristics in common: first, they each con- 
tain at least 92 per cent. of iron; and, second, carbon is their 
next most important element. It is this element which controls 
and regulates their chief qualities. Cast iron is produced in 
final form in almost every city of any size in the United States 


and hardly less generally in other civilized nations. The man- 
ufacture of steel is more or less centralized for economical 
reasons, and is several times as great as cast iron in volume. 


Wrought iron is made less generally, and in less amounts than 
either cast iron or steel, but it has its uses and importance. 
The raw material of all ferrous products is iron ore. The 
most important ores are the oxides, which are simply natural 
iron rust, with iron and oxygen in combination. If the oxy- 
gen can be gotten rid of the iron remains.. If charcoal be 
burned and iron ore be added, the combustion being assisted 
by a hand bellows or other blast, the iron will separate into 
pasty globules and the oxygen of the ore will unite with the 
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carbon and pass off as a gas. The temperature reached by this 
process is not sufficient to melt the iron nor is it high enough to 
cause the iron to absorb any considerable carbon, thereby 
forming pig iron; but the temperature is high enough to make 
the pasty globules weld or stick together. In this way, for 
thousands of years, iron was made the world over. With 
development the height of the furnace and the force of the 
blast were increased and, with the resulting higher temperature 
attained, modern pig iron, from which the steels of to-day are 
made, was produced. 


ORES OF IRON. 


The most common ores of iron are: Magnetite, or mag- 
netic oxide of iron, also called black oxide of iron (Fe,O,) ; 
haematite, red oxide of iron (Fe.O, ) ; and siderite, or ferrous 
carbonate (FeCO, ). 

Magnetite——This is the richest of the ores of iron, and 
when pure contains 72.4 per cent. iron. The most character- 
lodestone,” from its mag- 


“ce 


istic form of this ore is known as 
netic properties. This occurs in great deposits in the United 
States, Norway, Sweden and Siberia. The magnetite ores 
of Sweden are the purest that are found in large quantities 
anywhere, and from these is made “ Swedish Iron,” famous 
throughout the world for its purity. The tool-steel and cut- 
lery industries of Sheffield, England, are dependent on the 
Swedish product for their raw material. Most of the deposits 
of magnetite in the United States are either too poor in iron 
or contain too many impurities to warrant their being worked 
profitably. 

Haematite-—These ores are found principally in the Lake 
Superior mining region, Iron Mountain in Missouri, in north- 
ern New York, Alabama, Germany, France and Belgium. The 
best haematite contains 70 per cent, iron; the Lake Superior 
deposits contain about 68 per cent. iron, while the hydrated 
haematites run lower, generally not yielding more than 50 per 
cent. iron. The haematite ores are the principal source of 
raw material for the iron industries of the United States. 
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Siderite—This ore is very poor and is not mined to any 
considerable extent in the United States, but in Great Britain 
siderite furnishes about one half of all the iron made. This 
ore forms the famous “ clay ironstone” of the Cleveland dis- 
trict in England. It runs about 48.2 per cent. iron when pure. 

Tron Pyrites (FeS,).—Iron pyrites is quite common, but it 
is sO poor in iron and it is so difficult to remove the sulphur 
that it can not be profitably worked in competition with the 


richer ores. 
About 40,000,000 tons of haematite-iron ore are mined 
yearly in the Lake Superior region; New York and Alabama 


each produce over one million tons. There are imported from 
Cuba and Spain a total of about 1,000,000 tons yearly of ore 
of various kinds, which is used generally in blast furnaces on 
the Atlantic seaboard and for mixing with other ores at various 


works inland. 


CHARACTERISTICS OF FERROUS PRODUCTS. 
Steel pipe, merchant bar, etc., made of low-carbon steel are 
very often sold under the name of wrought iron, and high- 
carbon steel masquerades as crucible steel; it is therefore con- 
sidered advisable to cite the following definitions : 

Cast Iron.—Iron containing so much carbon or its equivalent 
as not to be malleable at any temperature. The dividing line 
between cast iron and high-carbon steel is placed arbitrarily at 
2.2 per cent. carbon. Any ferrous product having more than 
this percentage is classed as cast iron. 

Pig Iron.—Cast iron which has been cast into pigs at a blast 
furnace and is then ready for use in cupolas or in furnaces for 
steel making. This term is also sometimes applied to the 
molten cast iron that is ready for pouring into pigs before it 
has been cast into any shape. 

Spiegeleisen.—Pig that runs very high in manganese. 

Malleable Cast Iron.—Cast iron which is first molded into 
the shape desired and is then made malleable by subsequent 
treatment without being fused. 
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Malleable Iron——tThis is the English name for wrought 
iron. When used in the United States the term signifies 
malleable cast tron. 

Wrought Iron.—An iron practically free from carbon, but 
bearing slag as an impurity. It does not harden materially 
when suddenly cooled, and cannot be tempered. It cannot be 
melted and cast in a mold, but is always forged to the desired 
shape and size. Wrought iron of to-day is generally made 
by the puddling process, and usually contains less than 0.12 
per cent. carbon; when the amount of carbon is above 0.30 per 
cent. the metal is then called “ Weld Steel,’ sometimes 
“ Wrought Steel.” 

Steel.—Steel includes all impure irons which, in consequence 
of the presence of other elements, have the property of harden- 
ing when suddenly cooled from a high temperature, and of 
taking a definite “ temper,”’ or degree of hardness, by a definite 
modification of temperature, and which may also be forged. 

The Boundary Between Wrought Iron and Steel is most 
difficult to define. Some authorities draw the line at 0.2 per 
cent. carbon, while others place it as high as 0.32 per cent. 
carbon. 

Steel making may be divided into three classes: 

1. By carburizing or carburetting malleable or wrought iron, 
as in the crucible process. 

2. By partially decarbonizing metal rich in carbon, as in one 
form of the Bessemer process, and in the puddling process. 

3. By completely decarbonizing high carburetted iron and 


then recarbonizing to the desired degree in a single process, 
> > 


as in the “ Bessemer” and the “ Siemens-Martin”’ processes. 

The details of these processes are readily obtainable and 
will not be described here. 

Chemically and absolutely pure iron is probably an unknown 
substance. Nearly pure iron is made by several methods, or 
it may be deposited by electrolysis. In its almost pure state 
it is a silvery white and very lustrous metal; it is soft, ductile 
and malleable; it is tough though not remarkably strong; it 
is heavy, very easily oxidized, and an excellent conductor of 
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heat and electricity. The purer iron is the more strongly it can 
be magnetized, but the magnetism is more permanent in pro- 
portion as the iron contains more carbon or other steel-making 
elements alloyed with it. 

Crucible steel is the most costly of all steel, its price being 
about three times that of the next best, i.e., acid open-hearth 
steel. The general reason for its excellence is believed to be that 
it is made in a vessel free from air and furnace gases and 
practically devoid, or nearly so, of oxygen, nitrogen and hy- 
drogen. Perhaps the high quality is largely due to its being 
made in small quantities, where it is under better control and 
gets better attention. 

Since wrought iron usually costs about 20 per cent. more 
than ordinary low-carbon steel, there is a great tendency for 
the dealer to substitute low-carbon steel for it. The superior- 
ity claimed for wrought iron over soft steel is that it is purer 
and contains slag; the presence of slag tends to increase the 
metal’s toughness and resistance to breaking when subjected 
to bending or to a sudden blow or shock. It is a mistaken idea 
that the slag improves weldability, as the low carbon content 
seems responsible for this quality. Since wrought iron con- 
tains slag, it may thus be distinguished from low-carbon steel. 
Generally the percentage of slag in steel runs about 0.2 and 
less, while in wrought iron there is 1 per cent. or more. 
Normal wrought iron is free from manganese, while Bessemer 
and open-hearth steel contain about one-half of one per cent., 
or more. On the other hand, phosphorus is generally present 
in wrought tron to the extent of more than 0.1 per cent., while 
good steel should never contain that much. Crucible steel 


usually contains more carbon than Bessemer or open-hearth, it 
ordinarily has less than 0.4 per cent. manganese and 0.2 per 
cent. silicon; while open-hearth and Bessemer normally have 
more than 0.4 per cent. manganese and less than 0.2 per cent. 


silicon. This comparison does not hold, however, with cast- 
ings, as the silicon content there sometimes runs up as high as 
0.6 per cent. with both open-hearth and Bessemer steels. Both 
Bessemer and open-hearth steels can be made low in man- 
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ganese, but the manganese and silicon cannot both be low 
without producing blowholes. 

Acid and basic open-hearth steels may be distinguished from 
each other by there being usually more silicon and phosphorus 
and less manganese in the acid product. This same distinc- 
tion holds with acid and basic Bessemer. 

3asic open-hearth and basic Bessemer differ in the fact that 
the former is lower in manganese, silicon and phosphorus, and 
also that it dissolves more slowly in dilute hydrochloric acid 
than basic Bessemer does. 


INFLUENCE OF THE ELEMENTS IN CAST IRON. 


The effect produced in iron by the various elements gener- 
ally found therein is determined not only by the character of 


the elements themselves but by their mutual interactions. This 


fact of the mutual interactions must not be lost sight of as it is 
most important. 

Carbon.—In cast iron this is the most important element, 
and it is due to the presence of carbon that the metal can be 
melted easily and made into castings. The melting point of 
cast iron is determined by the amount of total carbon, and the 
degree of hardness and the strength imparted to iron castings 
are also dependent on it. Carbon appears in iron in either 
the 
carbon is as much as cast iron can hold in the combined state ; 


‘ 


‘combined” or the “graphitic” state. About 3.8 per cent. 


above that the excess is graphitic carbon. All the carbon con- 
tent is supposed to be combined with or dissolved with the iron 
while the iron is molten, and when the iron becomes solid the 
carbon will remain in the combined state unless there be some 
influence to prevent it. Iron containing only combined carbon 
is white and very hard. Slow cooling of a casting will cause 
some of the carbon to be of the graphitic form. Should the 
metal be cooled very suddenly, so that the carbon cannot as- 
sume the graphitic form, the casting will be white, but should 
the iron contain more carbon than it can hold in the combined 





METALLURGY AND HEAT TREATMENT, IRON AND STEEL. 537 


state the darkest casting will result from that which contained 
the most carbon to begin with. 

As a summary of the effect of carbon in cast iron it may 
be stated that cast irons become harder as the proportion of 
combined carbon increases, but as soon as a certain proportion 


is passed the influence of graphitic carbon is felt and the iron 


becomes softer and weaker until, when containing 5 per cent. 
or 6 per cent. carbon, one-half of which is often in the graphitic 
state, the iron becomes very sof. and easily cut, of low density 
and of little strength. 

Silicon.—Silicon is a softener when added to hard cast iron. 
With from 2 to 3.5 per cent. silicon the carbon seems to be driven 
out of its combined state and is changed into graphite. The iron 
remaining is softer, because iron itself is soft; the original 
iron was hardened by the carson that was combined with it. 
Probably silicon, no matter how small the quantity, hardens 
the iron, but at the same time its effect in producing graphitic 
carbon is so great that the sum total of its effects is to soften 
the metal. The chilling tendency of iron is lessened by silicon. 

Phosphorus.—Phosphorus produces fluidity, and when the 
content is more than 1.5 per cent. a brittle iron is the result. 
Cast iron containing phosphorus is liable to break under shock. 
Probably no other element of itself so weakens cast iron as 
does phosphorus, especially when it is present in large quanti- 
ties. However, with a large proportion present, say from 2 
to 5 per cent., the molten metal is very fluid, and thin, intricate 
castings are easily made; but it must be remembered that cast- 
ings of these compositions cannot be used where great strength 
is desired. If a grey cast iron containing phosphorus be heated 
to a temperature of 900 degrees C., globules of iron rich in 
phosphorus 00ze out from the mass, thus making the original 
mass honeycombed. Hence phosphoric irons are not suitable 
for articles which are subjected to high temperature, for ex- 
ample : ingot molds or grate bars. 

Sulphur.—This element’s influence upon the formation of 
graphite is almost the direct opposite of that of silicon, i.e., 
sach increase of sulphur increases the amount of combined 





538 METALLURGY AND HEAT TREATMENT, IRON AND STEEL. 


carbon. It neutralizes the effect of silicon; it is considered 

that 0.01 per cent. S. neutralizes 0.15 per cent. Si. in its effect 

upon the condition of the carbon in the iron. 
Manganese.—Cast iron when free from manganese cannot 


hold more than 3.8 per cent. carbon in the “‘ combined state,” 


‘ 


but with an increase in the manganese there is an increase in 
the combined carbon over this percentage; this is shown in 
spiegel iron (an iron rich in Mn.), where the combined carbon 
is 5 per cent., and with ferro-manganese, where the combined 


? per cent. When, however, man- 
ganese and sulphur are both present, the Mn. and the S. form 


carbon runs as high as 


MnS., which does not increase the proportion of carbon in the 
combined state. There is rather the reverse effect, because the 
FeS., in which form the sulphur is most powerful in producing 
combined carbon, is broken up. The excess Mn. over that 
used to form MnS. is useful in increasing the combined carbon. 
So we have the peculiar situation that if the manganese be high 
any increase in sulphur will decrease the tendency of the man- 
ganese to form combined carbon. We may make the para- 
doxical statement that manganese and sulphur both tend to 
increase the total carbon and the combined carbon, and yet 
they neutralize each other. 

The following useful points about iron castings may be 
observed. Strength increases with increase of silicon up to 3 
per cent. Silicon decreases the combined carbon and thus pre- 
vents brittleness and increases strength. Foundry experience 
seems to show that the lower the silicon the weaker the small 
castings and the stronger the large castings ; and the higher the 
silicon, up to 3 per cent., the stronger the small castings and 
the weaker the large ones. Consequently, with large castings 
it is usual to use the least silicon that will give the requisite 
degree of softness. 

The center of a casting is always coarser grained and weaker 
than the surface. Removing the skin of a casting reduces its 
strength per unit of cross section. Bars cast horizontally are 
more uniform in strength and size than those cast vertically. 
Stronger castings are made in green-sand than in dry-sand 
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molds, because castings cool slower in dry sand. Square test 
bars are stronger than round test bars of the same area of 
cross section. With a square test bar the relative tensile 
strengths of the corner, the side and the middle of the bar are 
respectively, 16.4, 15.4 and 13.7 tons. The corner is thus 
seen to be the strongest, the side the next, and the middle the 
weakest. Rumbling castings increases their strength. 

As a resumé of the effects of the elements herein stated, it 
is seen that it is the combined carbon which is the great hard- 
ener of cast iron. The other elements produce hardness to a 
greater or less degree, accordingly as they produce combined 
carbon, with the exception that manganese not only produces 
combined carbon but also produces (FeMn),C., a compound 
which is very hard and difficult to machine. Silicon, by de- 
creasing combined carbon, diminishes hardness, but when there 
is a silicon content of more than 3 per cent. there are new 
compounds formed with the silicon which make the iron very 
hard. More than 3 per cent. silicon also increases combined 
carbon. The greatest softness in cast iron is obtained with 
from about 2.5 to 3 per cent. silicon, with not more than 0.1 
per cent. sulphur and with manganese not over 0.4 per cent. 
With large slowly-cooled castings the silicon should be nearer 
2.5 per cent., while with small quickly-cooled ones it should 
be nearer 3 per cent., so that the combined carbon shall not 
be over 0.15 per cent. and the graphite not over 3 per cent. 
This mixture would be very soft and would machine easily, 
its transverse strength being about 2,000 to 2,200 pounds, and 
its tensile strength being about 22,000 pounds per square inch. 
There are two ways to increase the strength of this mixture 
without increasing the hardness; the better way is to cut the 
sulphur and phosphorus down as low as possible, because these 
two elements are the ones which weaken cast iron the most; 
the other way is to decrease the total carbon, and hence the 
graphite, for graphite crystals, especially when large, are great 
weakeners of iron. The smaller the crystals of graphite in 
iron, the stronger the iron. The total carbon may be de- 


creased by melting steel scrap with the iron or by decreasing 
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the manganese, but it must be observed that the manganese 
content must always be twice that of the sulphur or else the 
iron will be brittle and weak. The strength of cast iron may 
be increased by increasing the combined carbon, which is done 
at the expense of workability and softness. Cast iron with 
from 1.5 to 2 per cent. silicon, 0.9 per cent. combined carbon, 
0.5 per cent. Mn., not more than 0.08 per cent. S. and 0.3 per 
cent. P., will be workable without difficulty and at the same 
time have a tensile strength of more than 28,000 pounds per 
square inch. Should the obtaining of low P. and S. entail 
too great expense the necessary strength may be obtained by 
increasing the Mn., but here trouble will be met with again as 
the increase of Mn. decreases the softness and causes high 
total carbon. 
WROUGHT IRON. 


In the production of wrought iron from pig, the pig being 
melted on a hearth of iron ore, the silicon, manganese, sulphur 
and phosphorus unite with the oxygen to form slag, while the 


carbon passes off with the oxygen as CO, and CO. The heat 


of an ordinary reverberatory furnace is not sufficient to main- 
tain the mass in a molten state. It becomes viscous, then 
pasty, and is worked into balls, removed from the furnace, 
and either put through the squeezer or hammered into a bloom. 
The puddle ball consists of numerous globules of almost pure 
iron with slag in the interstices between them. Much of the 
slag is expelled by repeated rolling through the squeezer, but 
it is practically impossible to get rid of the slag or cinder 
entirely, and the finished bar is permeated by it, thus forming 
planes of separation between the metallic iron. These little 
films of cinder weaken the structure by destroying the cohesion 
of its particles, but in another way they materially aid the 
strength of the product, for the sulphur and phosphorus are 
never entirely removed during puddling, and there is always 
sufficient quantity of these elements left to produce bad results 
if they are so combined as to exert the full effect caused by 
their crystallization—the network of slag prevents their ten- 
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dency to crystallize. There are five elements found in pig 
iron which have a material effect upon the finished product— 





2 ‘Tr “q* 
wrought iron. ‘These are: silicon, manganese, carbon, sul- 
phur and phosphorus. The influence of these elements upon 





wrought iron has never been fully determined, owing to the 
many disturbing conditions, foremost among which is the 
effect of varying amounts of work upon the finished material. 
The same variation also arises with steel, but it is more im- 
portant in the case of wrought iron, since the strength of 
wrought iron is materially influenced by the thoroughness with 
which the globules have been welded together. Phosphorus 
and silicon harden wrought iron, as does carbon. Phosphorus 
up to 0.2 per cent. does not harm, but probably improves, iron 
containing silicon not above 0.15 per cent. and carbon not more 
than 0.3 per cent. None of these elements except carbon 
seems to aid the welding property. Sulphur produces brittle- 
ness at high temperatures, or, as the blacksmith expresses it, 
makes iron “ hot-short.”’ 


STEEL, INFLUENCE OF THE ELEMENTS. 


Carbon.—This element exercises the most important effect 
in steel. It increases strength and hardness, and reduces 
ductility. Starting with a tensile strength of 40,000 pounds 
per square inch for low-carbon steel, each increase of .01 per 
cent. in carbon gives an increase in tensile strength per square 
inch of about 1,000 pounds for acid, and 770 pounds with 
basic open-hearth steel. If a piece of steel be heated to redness 
and plunged into water it becomes very hard; this is due to a 
peculiar union between the carbon and the iron. Should the 
carbon content be 0.3 per cent. the steel so quenched will be 
hard enough to scratch glass, should the carbon be as high as 
0.6 per cent. the steel is suitable for ordinary cutting tools. 
With 1 per cent. carbon the steel about reaches its limit of 
hardness. 

Silicon.—Silicon is of use in the manufacture of steel by the 
Bessemer and other pneumatic processes, it being the fuel that 
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is used to raise the temperature of the molten metal in the 
converter to a higher point than could have been obtained by 
the combustion of the carbon alone. Its greatest value is that 
its presence prevents blow holes. It is also a hardener of steel, 
its hardening power being similar to that of carbon, 0.5 per 
cent. is about the maximum of silicon that occurs in steel; this 
percentage is used in steel castings. In structural steel there 
is seldom more than a trace of this element. 

Manganese.—Manganese increases tensile strength only 
when the percentage of Mn. is over 0.3 or 0.4 per cent. With 
less percentage the effect of manganese is probably masked by 
the presence of some other element. It gives ductility to the 
steel, especially while hot, and gives ease of working. It in- 
creases hardness, and especially that kind of hardness which 
makes it extremely difficult to machine the metal. With more 
than 1 per cent. of manganese the metal is very brittle, and 
when the content is above 2 per cent. the steel becomes so 
brittle as to be practically worthless; but should the percentage 
of Mn. be as great as 7 per cent. there is a reversal of its 
influence, and the metal is then not only extremely hard and 
practically impossible to machine, but upon being subjected to 
certain heat treatments becomes ductile and tough. Man- 
ganese is used as an antidote to sulphur. 

Sulphur.—This element causes brittleness at high tempera- 
tures ; its effect is mostly felt in the absence of other impurities. 
With cold metal its effect seems to be unimportant. It also 
seems to prevent welding; steel or iron containing above 0.2 
per cent. sulphur being welded with difficulty. 

Phosphorus.—This is the most undesirable of all the ele- 
ments found in steel. It has very little effect upon the hot 
properties of steel, but in the cold state it makes the metal 
brittle and adds to the tensile strength in about the same 
degree as carbon does. In ordinary,steels the phosphorus is 
always limited to 0.1 per cent. and with special steels it is 


even less. For a metal that is to stand vibratory stresses and 
sudden shock phosphorus is probably the most dangerous of 
the elements which can be used to increase strength; for an 
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increase of strength secured by this means is accompanied by 
a much greater decrease in ductility than if the same increase 
in strength were obtained by using carbon. 

As a summation, the following conclusions may be drawn 
concerning the strength-producing qualities of the elements in 
steel : 

Carbon.—Each 0.01 per cent. of carbon in acid steel 
strengthens the metal by 1,000 pounds per square inch, when 
the carbon content is determined by combustion analysis. The 
effect in increasing strength is 1,140 pounds for every 0.01 
per cent. carbon, as determined by color test. This discrepancy 
is due to the fact that the color test does not determine all the 
carbon present. With basic steel, every 0.01 per cent. carbon 
strengthens steel 770 pounds per square inch by combustion 
test, and 820 pounds per square inch by color test. 

Phosphorus. Each 0.01 per cent. strengthens steel 1,000 
pounds per square inch. 

Manganese. 
ening effect which increases as the carbon content is greater. 
In steels with less than a certain content of manganese the 








Each 0.01 per cent. of Mn. gives a strength- 


effect of the Mn. is complicated, due to some disturbing condi- 
tion, probably iron oxide, so that a decrease in Mn. in very 
low-carbon steels gives increased strength. With acid steel 
each increase of 0.01 per cent. above 0.4 per cent. Mn. raises 
the strength an amount varying from 80 pounds with 0.1 per 
cent carbon to 400 pounds per square inch with 0.4 per cent. 
carbon. With basic steel each increase above 0.3 per cent. Mn. 
increases the strength an amount varying from 130 pounds per 
square inch in a metal having 0.1 per cent. C. to 250 pounds in 
a metal with 0.4 per cent. carbon. 

Sulphur.—The effect of this element upon the strength of 
acid or basic steel is practically nil. 





ALLOY STEELS. 


Ordinary steel, in order to distinguish it from Alloy Steel, 
is known as Carbon Steel. It is considered as an alloy of 
carbon and iron. Alloy steels comprise those steels to which a 
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controlling amount of some alloying element in addition to 
the carbon is added. The international committee on the no- 
menclature of iron and steel defines alloy steels as follows: 
“ Those steels which owe their properties chiefly to the pres- 
ence of an element (or elements) other than carbon.” The 
distinction between the addition of an element to produce a 
slight benefit to carbon steel and one added to produce an alloy 
steel is sometimes a very delicate one. For example, man- 
ganese is commonly added in amounts less than 1.5 per cent. 
to most open-hearth and Bessemer steels to get rid of oxygen 
and to counterbalance the effect of sulphur. Similarly, silicon 
is added in small quantities, 0.1 to 0.2 per cent., to give sound 
ingots; but in neither of these cases is the product called alloy 
steel. 

But when a steel containing 10 to 20 per cent. manganese or 
2 to 3 per cent. silicon is made, the resultant is a steel with 
entirely different qualities from that made without the addition 
of either the Mn. or Si., and an alloy steel is obtained. Before 
proceeding, it may be well to define what is meant by “ Ter- 
nary’ and “ Quaternary” alloys. An alloy containing iron, 
carbon and one other influential element is called a “ ternary 
alloy” or “ three-part” alloy. The most common alloy steels 
under this classification are: Chrome steel, nickel steel, man- 
ganese steel, tungsten steel, silicon steel, vanadium steel and 
titanium steel. Should the steel contain iron, carbon and two 
other influential or alloying elements the alloy is called ‘ quat- 
ernary.” The commonest examples under this head are: 
nickel-chrome-steel, tungsten-manganese, tungsten-chromium, 
nickel-manganese, manganese-silicon, tungsten-molybdenum, 
tungsten-nickel and nickel-vanadium steels. The effect pro- 
duced by adding an alloying substance to carbon steel is most 
surprising and often incapable of being foretold, and that 
resulting from a combination of two alloying substances is 
even more so. New products result, with properties entirely 
different and oftentimes almost the opposite of those produced 
by its individual constituents. 
The manufacture of alloy steels is a very simple operation. 
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Generally the alloying substance is added like the recarburizer, 
i.¢., in the ladle, as is the case with manganese steel, where the 
necessary amount of ferro-manganese is added at the end of 
the operation. With nickel steel the ferro-nickel may be added 
in the same way, but most commonly shotted nickel is added in 
the furnace and allowed to dissolve in the bath of molten metal 
before tapping. Tungsten and tungsten-chrome steels are gen- 
erally made by the crucible process; the requisite amount of 
ferro-tungsten, or metallic chromium and metallic tungsten, 
being placed on top of the charge when filling the crucible. 
While the manufacture of alloy steels is very simple, their 
treatment is more complicated. Nickel steel can be heated, 
rolled or forged with little difficulty, but with manganese, 
tungsten and some of the other steels this treatment is very 
much more difficult. 

Nickel Steel.—This is the most widely used of all the alloy 
steels. The nickel varies from 1.5 to 4.5 per cent., but most 
usually it is from 3 to 3.75 per cent., and the carbon about 0.2 
to 0.5 per cent. (most generally about .25 per cent.). This does 
not include armor plate, since that is a quaternary alloy, con- 
taining nickel and chromium. Nickel steel is mostly used for 
locomotive axles, engine forgings, shafting, frame and engine 
parts for automobiles, as well as automobile axles, etc. 

Nickel steel has a higher elastic limit than carbon steel, and 
the higher elastic limit is obtained at very little reduction in 
ductility ; for example, 3 per cent. nickel added to 0.25 per cent. 
carbon steel gives a metal as strong as simple carbon steel of 
0.45 per cent. carbon, but with the ductility of carbon steel of 
0.25 per cent. carbon. It is this increase in elastic limit that 
gives to nickel steel the property of standing fatigue (1.¢., the 
power of resistance to repeated stresses and to alternating 
stresses), under which all steel will ultimately break down, 
even though the load is far less than that which it can bear 
indefinitely if the load be constantly applied. By repeated 
stresses is meant stresses put upon a body at intervals and 
relieved meanwhile; while alternate stresses are stresses first 
of compression and then of tension, as the stresses in a wire 


36 








546 METALLURGY AND HEAT TREATMENT, IRON AND STEEL. 


that is bent back and forth, or in a rotating shaft that is out 
of alignment. With low-carbon steels, not annealed, each 1 
per cent. of nickel up to 5 per cent. gives an increase of 5,000 
pounds per square inch in elastic limit and about 4,000 pounds 
per square inch in ultimate tensile strength. With nickel steel 
containing 3.5 per cent. nickel the elastic limit should be about 
60 per cent. the ultimate strength; while with ordinary carbon 
steel the elastic limit is only about one-half the ultimate 
strength. The modulus of elasticity of nickel steel containing 
about 4 or 5 per cent. nickel is about the same as that of carbon 
steel, it being about 29,500,000 pounds ; however, with a higher 
per cent. of nickel, especially with more than 20 per cent., the 
modulus of elasticity is lower. This results in the steel being 
more resilient or springy, hence the reason for not more than 
4 per cent. nickel being put in steels for structural use, because 
a bridge built of steel that is resilient, even though the steel 
be strong enough, would vibrate excessively with a passing 
load and might, perhaps, even be unsafe on account of the 
repeated stresses set up. Nickel steel is harder than carbon 
steel, but not so much so that it cannot be machined without 
difficulty ; this advantage is made use of in employing nickel- 
steel rails for curves and other places where ordinary steels 
soon wear our. Nickel steel has superior stiffness, and yet 
bends to a greater angle before rupture than does carbon 
steel; and plates of nickel steel are not weakened as much by 
punching as are those of carbon steel. This alloy steel pos- 
sesses greater compressive strength and greater toughness 
under impact as well as greater shearing strength than carbon 
steel; the latter property is the reason why nickel-steel rivets 
are now specified for structural uses, because, on account of 
the greater strength of nickel steel, smaller rivets may be used, 
and this means smaller rivet holes in the structural members, 
thus leaving more of the structural steel to support the strains. 
However, since nickel steel does not weld as easily as carbon 
steel, greater care must be exercised in upsetting the rivets. 
Another great advantage in using nickel steel is that castings 
made of this material are relatively free from blowholes; the 
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melting point of nickel steel is also lower than that of carbon 
steel. 

One peculiarity of nickel-steel alloys with less than 25 per 
cent. nickel is that their critical changes are irreversible. By 
this is meant that a change which takes place at a given tem- 
perature on cooling is not reversed on heating to the same or 
anywhere near the same temperature. That is to say, should 
a 20 per cent. alloy of nickel steel be cooled, the solid solution 
is still intact, and the ‘ 
assumed until a temperature of below 100 degrees C. is 
reached. This steel having thus been cooled to 100 degrees C. 
and the solid solution having been decomposed into the alpha 


“alpha” allotropic modification is not 


modification of the alloy, it is necessary to heat the metal to 
600 degrees C. before the reverse condition takes place and the 
solid solution is again formed. When the percentage of nickel 
is 40 per cent. or above the critical transformations are reversi- 
ble like ordinary steels, 7.c., they occur at very nearly the same 
temperature on heating as the reverse change does on cooling. 
It is interesting to note that the greatest tensile strength and 
elastic limit of nickel steels occur with those steels where the 
characteristic of irreversibility is most pronounced, 1.¢., in 
steels containing between 12 and 25 per cent. of nickel. 

Nickel steel has a very small coefficient of contraction and 
expansion, and when the amount of nickel is 36 per cent. the 
coefficient is less than that of any other alloy or metal known, 
it being practically zero. This alloy is patented and sold under 
the name of “Jnvar.’”’ It is used in the manufacture of scien- 
tific instruments, pendulums of clocks, steel tape measures for 
accurate work, etc. When the proportion of nickel reaches 
42 per cent. the steel has the same coefficient of expansion as 
glass at the atmospheric temperature. Since platinum was 
heretofore the only known substance possessing this quality, 
the alloy has very aptly been named Platinite. It is used in 
the manufacture of armored glass, and for the electric connec- 
tions passing through the glass plugs in the base of incandes- 
cent electric lights. 
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MANGANESE STEEL. 


The discovery of this steel was due to the untiring efforts 
of Mr. Hadfield, of Sheffield, England, and it is most singular 
to note that the properties of this alloy are quite different 
from, in fact they are almost the opposite of, what might 
presumably be expected. When the manganese proportion is 
over 1 per cent. the metal is hard and a little brittle and prac- 
tically worthless; with increase of manganese these qualities 
increase until, with a Mn. content of between 4 and 5 per cent., 
the steel is easily pulverized under a hammer. But on in- 
creasing the manganese above this point hardness and brittle- 
ness do not increase, and when a content of 7 per cent. man- 
ganese is secured an entirely new set of properties is developed. 
Manganese steel contains about 12.to 15 per cent. manganese 
and 1.25 to 2 per cent. carbon. This alloy has the very pe- 
culiar property of becoming very much tougher after quench- 
ing in water, without any great change in hardness. It 
possesses great strength and hardness in conjunction with 
ductility; its elastic limit is low, being about 35 per cent. of 
its ultimate strength. After manganese steel has been cast 
into an ingot or casting and is allowed to cool slowly it is 





almost as brittle as glass, but if it is then reheated to more 
than 1,000 degrees C. and rapidly cooled by being plunged into 
water, the formerly very brittle steel becomes as ductile as 
low-carbon steel, with a tensile strength about three times 
as great. The hardness of the steel remains about the same 
after quenching as it was when cast. 

Manganese steel must be heated very slowly and uniformly, 
lest it crack. It is also difficult to forge, as forging must be 
done within a very narrow range of temperature above a red 
heat, and must begin with very light taps of the hammer. 
Manganese steel is used chiefly for rock-crushing machinery, ) 
railway crossings, railway frogs, mine-car wheels, burglar- | 
proof safes and mining dredges; its use is restricted by the 
fact that it must be cast in the shape in which it is to be used, , 
since machining it or cutting it to form is out of the question; 
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small changes in shape (as, for example, in making a fit) 
are accomplished by grinding. 

Chrome Steel_—The characteristic of this alloy when in 
the hardened state is the combination of hardness with high 
elastic limit. Generally the carbon content is from 0.8 to 
2 per cent. and the chromium runs from 1 to 2 per cent. 
Chrome steel is used for making armor-piercing projectiles 
and for very hard steel plate; this latter is not ordinarily 
used alone but is made into 3 and 5-ply plate, where a plate 
of wrought iron is sandwiched between two sheets of chrome 
steel. Should the hardened chrome plate be used alone the 
result would be a very brittle metal. The 3-ply plate is used 
for plows and also for safes. The 5-ply is employed for 
safes and jail bars; this consists of a central layer of wrought 
iron between two sheets of chrome steel, then two layers of 
wrought iron; the whole mass is welded together and har- 
dened. The wrought iron gives ductility, and the chrome 
steel furnishes the hardness, so that the material cannot be 
drilled into or easily broken. ‘ Krupp Armor” contains about 
3.25 per cent. nickel, 1.5 per cent. chromium and .25 per cent. 
carbon. 

Chromium steel containing about 2 per cent. chromium is 
used very widely for automobile purposes where great hard- 
ness is required, as gears, etc. More recently, however, a 
nickel-chrome steel is used; the nickel seems to give both an 
increase in the elastic limit and tensile strength. 

Silicon Steel.—This steel, like manganese steel, was dis- 
covered by Hadfield. Before its discovery it was the general 
impression that pure iron possessed the highest magnetic force 
and permeability of any known substance or of any com- 
bination of substances that could be produced. However, 
silicon steel of the Hadfield composition and treatment has 
not only a greater magnetic permeability than pure iron but 
has a very high electrical resistance. Silicon steel is, there- 
fore, very valuable in the manufacture of electro-magnets, 
and in electrical machinery is about the most efficient material 
known. Silicon steel made according to the Hadfield patent 
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covers a silicon content of from 1 to 5 per cent., but the alloy 
that he recommends contains 2.75 per cent. Si. and the 
smallest possible contents of carbon, manganese and other 
impurities. Before the steel is ready for use it is subjected 
to a double-heat treatment; first it is heated to between 900 
and 1000 degrees C. and is cooled quickly, then it is reheated 
to between 700 and 850 degrees C. and allowed to cool very 
slowly, this second cooling process sometimes taking several 
days. 

Vanadium Steel_—The manufacture of this steel is still in 
its infancy. Vanadium is, first, a great strengthener of steel; 
second, it is a great scavenger, in getting rid of oxygen, and 
nitrogen as well; it is claimed that it decreases segregation. 
In strength-producing qualities vanadium ranks next to car- 
bon, and very wonderful results are secured by the addition 
of from 0.1 per cent. to 0.15 per cent., and more than 0.30 
per cent. addition is not necessary. The great characteristic 
property of this alloy steel is its power of itnparting great 
resistance to torsional stress and increasing the “ life’ of the 
metal. This steel will stand great vibratory stresses. In | 
the manufacture of vanadium steel, the vanadium is not 
added to the bath until a couple of minutes after the man- 
ganese is put in for recarburizing, for if the vanadium is added 
first it is wasted greatly by oxidization. As is the case with 
all steels, it must not be forged at too high a temperature, 
and should be heated gradually; then, too, the forging at 
first should be a bit tender. This alloy steel is used for 
every purpose that will warrant the extra cost, which is about 
the same as that of 3.5 per cent. nickel steel. It is especially 
useful where lightness with strength is desired, as springs 
and axles of automobiles. It would seem that it possesses 
great advantages for shafts and other rotating parts. 

Titanium Steel.—Titanium has not been used very much 
for making alloy steels, but its great affinity for nitrogen 
causes it to be highly recommended. 

Self-Hardening Steels—By this term is meant steels which 
will harden without being subjected to any heat treatment or 
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. process to make them harden. It may also be defined as 
steel that cannot be softened or annealed by any known 
process; sometimes it is called “air-hardening steel.” The 
critical temperature of such steels is below atmospheric tem- 
perature. All self-hardening steels are non-magnetic. The 
most extensive experiments with self-hardening steels were 
conducted by Messrs. F. W. Taylor and Maunsel White, 
during the time that they were associated with the Bethlehem 
Steel Works. The result of these experiments was the pro- 
duction of an entirely new kind of steel which has fairly 
revolutionized machine-shop practice. They discovered that 
by applying a new method of heat treatment to tools for 
machining metal very great toughness was imparted to the 
metal at a red heat and thus the possible cutting speed of the 
tools was surprisingly increased. So great were the cuts 
made with the tools that they became red hot due to the 
friction, and chips were removed that had a temperature of 
300 degrees C. The steel did not lose its temper, its cutting 
edge nor its toughness at a red heat. The heat treatment 
that was employed consisted in heating the steel almost to the 
melting point and then plunging it into a bath of molten 
lead at a temperature of between 700 and 800 degrees C., 
where it was kept until it was the same temperature as the 
bath; the metal was then removed and plunged into oil and 
there cooled. This cooling was usually followed up by 
reheating the steel to a temperature between 370 degrees and 
670 degrees C. It has been found that the heat treatment 
as applied by Messrs. Taylor and White is not necessary, 
the only requisite being to heat the steel to almost melting 
temperature and then cool it with moderate rapidity (in a 
blast of air, for example) until it is below a red heat. 

The name of “ high-speed steel” is a term very commonly 
applied to all steels having rapid cutting qualities. Soon it 
was found that it was the tungsten in the steel that gave the 
metal the properties of hardness and toughness at a red heat, 
and it was also learned that the presence of manganese and 
chromium in addition to the tungsten was unnecessary. 
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Larger percentages of tungsten were found to be desirable 
in order to make the steel more durable, and there are some 
steels with as high a proportion of tungsten as 24 per cent. 
The carbon at the same time is greatly reduced, it being from 
0.4 to 0.8 per cent. with the best product. It is a mistaken 
idea that tungsten will take the place of carbon in producing 
hardness, as such is not the case. No amount of tungsten 
or any other element will make steel hard without the 
presence of carbon, or even when the carbon is low. The 
tungsten produces hardness by its effect upon the condition 
of the carbon, t.c., by helping to retain the carbon in its 
solid solution, and not by any effect of its own. Ordinarily 
“tungsten steel” contains from 5 to 10 per cent. (and some- 
times 24 per cent.) of tungsten and from 0.4 per cent. to 2 
per cent. carbon. The normal composition of Taylor-White 


steel is: 
For cutting soft For cutting hard 
steel and cast iron. steel. 
per cent. per cent. 
Se as FESS 6 S5 SSE RRS 0.75 to 1.0 1.25 
Ca 6. feast ie 3. 4. 
PY GAN eViRe sess as 8.5 8.5 


The more recent “ high-speed steels” are of the following 


composition : 
es Sats ie teicwetites am 4 to 2.19 
NDS 22 os iicks vee wed 0. to 6. 
MINE. Gods ei leneas se eehid site 3.44 to 24. 
es eis Gis eee ices cPniesel 21 to 3. 


At present the tendency seems to be to replace the chromium 
with manganese of from 1.25 to 4 per cent. 

Molybdenum Steel_—Molybdenum is very often used in the 
manufacture of high-speed tool sfeel, it being used to replace 
the tungsten. It takes only about one-half as much molyb- 
denum as it does tungsten to give the same results. In 
America the most successful percentages of molybdenum seem 
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to be from 6.0 to 15.0 per cent. High-speed steels can only 
be forged at temperatures above a bright-red heat, from 
1,050 degrees to 1,150 degrees C. and higher. 

Magnetic Steel.—Steel used for permanent magnets has 
about the same composition as high-speed tool steel. It con- 
tains generally about 4 to 5 per cent. of tungsten, and 5 to 
? per cent. of carbon. It is usually heated to a red heat 
(800 degrees C.) and quenched in water, and thus retains 
its magnetism better than ordinary carbon steel. Sometimes 
about 0.5 per cent. chromium is added to this alloy. 


HEAT TREATMENT OF IRON AND STEEL. 


In dealing with the changes which take place when iron and 
steel are subjected to the action of heat the concensus of 
opinion seems to be to follow the generalization adopted by 
Dr. Howe. By him all varieties of iron or steel are con- 
sidered alloys of iron and carbon. The normal constituents 
of annealed steel are ferrite, cementite and pearlite. 

Ferrite is theoretically pure iron, and especially iron free 
from carbon. It is magnetic, very soft and ductile, but is 
relatively very weak, having a tensile strength of about 45,000 
pounds per square inch. It is an important constituent of all 
steels, and is the most important one in low-carbon steels. 
Wrought iron very nearly approaches ferrite. Under the 
microscope it is distinguished from cementite by its softness. 
Should a piece of steel containing these two be polished on a 
chamois skin stretched over a soft background, as a piece of 
wood, the ferrite will wear away and show intaglio. It may 
also be distinguished from cementite by subjecting a piece of 
steel to a 2 per cent. solution of HNO, or tincture of iodine; 
the ferrite will appear in darker grains and the cementite will 
be seen in bright thin flakes unattacked by the reagents. 

Cementite is a definite carbide of iron (Fe,C), it contains 
6.67 per cent. carbon, is very brittle, harder than hardened 
steel, will scratch glass with ease, and is magnetic. In slowly- 
cooled steel, almost all the carbon present is in the form of 
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cementite. It is difficult for the unskilled eye to distinguish 
between a steel containing pearlite with a slight excess of 
cementite alone and a steel containing pearlite with a slight 
excess of ferrite. However, a chemical analysis settles the 
point, since with a carbon content of 0.9 per cent. or less 
there will be an excess of ferrite over pearlite, and with 
steels containing more than 0.9 per cent. carbon there will 
be excess cementite. 

Pearlite——In its most easily recognizable form pearlite 
consists of alternate layers of cementite and ferrite, the 
ferrite being the white streaks, and the dark streaks are 
cementite. Sometimes it separates into granules, and is then 
known as granular pearlite. 

The softest and purest wrought iron consists almost entirely 
of ferrite with a little pearlite. As the percentage of carbon 
increases the ferrite is more and more replaced by pearlite, 
until with 0.9 per cent. carbon the ferrite is entirely replaced 
by pearlite. With a further increase of carbon content the 
pearlite is partially replaced by cementite, until with about 
2 per cent. carbon the steel becomes white cast iron. Mottled 
cast iron may be considered as being made up of a bed of 
steel with graphite scattered through it; grey cast iron, as 
mild steel with graphite scattered through it, with certain 
irregularities in structure due to the presence of manganese, 
silicon, ete. 

Should a piece of 0.50 per cent. carbon steel be allowed to 
cool slowly from a high temperature, when a temperature of 
about 700 degrees C. (1,392 degrees F.) is reached there is 
an interruption of the regularity in cooling. In some cases 
the cooling may be very slow, in some the bar may not 
decrease in temperature at all, while with some others there 
may be a decided increase in temperature for a moment, in 
spite of the fact that the steel is free to radiate its heat and 
that it has been cooling regularly down to that temperature. 
Moreover, it is found that when this “critical point’’ is 
passed the bar cools at a “ uniformly retarded” rate until its 


temperature is that of the atmosphere. It must, however, 
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not be lost sight of that a bar cools more rapidly from 1,000 
degrees C. to 900 degrees C. than it does from 200 degrees C. 
to 100 degrees C., and the term “uniformly retarded” is 
intended to cover that point. It is evident that there must 
be some change occurring in the metal itself that gives rise 
to the heat, and any point at which such an action takes place 
in steel is known as the “critical point.” This point is 
called “A.” The one taking place while retarding the tem- 
perature is known by “A” with the subscript “rr”; thus: Ar. 
Now upon heating the same piece of steel the same changes 
take place at a temperature about 30 degrees C. higher than 
they do on cooling, the heat here being absorbed instead of 
given out. This point is also known as A, but has the sub- 
script “c”’; thus: Ac. Professor Howe has shown that in 
order to produce the change Ar the metal must be heated 
beyond Ac, and, likewise, in order for the change to take place 
at Ac it is necessary that the steel be first cooled below Ar. 

In the case of a pure molten metal, say copper, the curve 
representing its fall in temperature is regular until the metal 
begins to freeze, the curve is here arrested and runs horizontal 
for a time. Heat here disappears in the changing of the 
body from a liquid to a solid, the internal temperature does 
not fall so long as any of the metal remains liquid, then after 
solidification the curve is regular again. 

In the case of molten pure iron the cooling curve is the 
same as far as the freezing point (1,600 degrees C., 2,912 
degrees F.), but the curve from there is not regular, there 
being two other arrests in the curve where it again is hori- 
zontal, at 890 degrees C. (1,634 degrees F.), and at 760 
degrees C. (1,400 degrees F.). These two points are the 
critical points, Ar, and Ar,, respectively, and by their exist- 
ence it is proven that some internal change takes place by 
which sufficient heat is developed to make up for that lost 
in cooling. See Fig. 1. 

A number of the elements can exist in different forms at 
the same temperature; for example, carbon exists as the 
diamond, graphite and charcoal. If the same weight of each 
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of these forms be burned the same weight of CO, is given 
off in each case, but the amount of heat developed is different. 
From this it is shown that the diamond, graphite and charcoal 
are the same element, but that their internal arrangement of 
atoms must be different with each; and it is most probably to 
this that these differences in characteristics are due. 

As we speak of diamond-carbon, graphite-carbon and 
amorphous-carbon, just so we may speak of alpha, beta and 
gamma iron. The alpha modification is the one existing at 
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Fig. 1. 


atmospheric temperature, and the iron here is soft and mag- 
netic. Should this be heated, it still remains alpha iron until 
a temperature of 760 degrees C. (1,400 degrees F.) is 
reached, when a sudden change takes place. This change 
being evidenced by the absorption of heat and the loss of 
magnetic power; the iron here becomes beta iron, and, in 
addition to being non-magnetic, is hard. Upon still further 
heating, the iron at 890 degrees C. (1,634 degrees F.) again 
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changes Ns form and becomes soft and non-magnetic, and is 
then known as gamma iron. 

The following summation is adopted: 

Alpha iron, soft and mag aetic, exists below 760 degrees C. 
(1,400 degrees F.). 

Beta iron, hard and non-magnetic, exists between 760 
degrees C. and 890 degrees C. 

Gamma iron, soft and non-magnetic, exists above 890 
degrees C. (1,634 degrees F.). 

While the allotropic theory is not universally accepted, 
opinion is greatly in its favor; and it presents a simple explana- 
tion of certain observed facts. When, however, carbon is 
present in iron the allotropic changes are somewhat modified. 
With about 0.4 per cent. carbon the temperatures correspond- 
ing to Ar, and Ar, are lowered, and seem to run together at 
700 degrees C. (1,292 degrees F.) with a pronounced evolu- 
tion of heat. Also that when the temperature has fallen to 
660 degrees C. (1,220 degrees F.) there is a very marked 
evolution of heat and the metal glows again with the added 
heat. This phenomenon has long been known as recalescence, 
although its cause was not properly understood. 

In order to understand this peculiar phenomenon let us 
consider the cooling curve of a solder, consisting of two parts 
lead and one part tin. The melting points of lead and tin 
are respectively 326 degrees C. (619 degrees F.) and 231 
degrees C. (448 degrees F.). About the melting point of 
lead the solder is fluid, and if allowed to cool it commences 
to solidify at about 240 degrees C. (464 degrees F.), but the 
temperature continues falling through a range of some 60 
degrees C. (140 degrees F.) before complete solidification of 
the solder takes place. It thus assumes the condition of a 
pasty mass consisting of small particles of solid lead wetted 
by the molten alloy of lead and tin. When solidification begins 
to set in it is the pure lead that crystallizes out; this crystal- 
lizing out of the lead continues until an alloy of two parts 
lead and one of tin is left in the liquid state; this then 
solidifies at 180 degrees C. (356 degrees F.), and the whole 
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mass becomes solid. The alloy containing two parts lead and 
one part tin has the lowest melting point of any alloy of 
these two metals, and is called the “ Eutectic Alloy.” 

The characteristics of a chemical compound are its absolute 
constancy of composition, concerning both the proportion 
and the nature of the elements it contains, and the complete 
merging of the properties of these elements into those of the 
compound. 

If a body of any kind be dissolved in a liquid the liquid is 
called the solvent and the dissolved body is the solute. If 
the solute is evenly distributed throughout the solvent, and 
if the solution is homogeneous, the body is said to be of 
uniform concentration. 

A solution and a chemical compound differ in that with a 
solution the proportions of the solute and the solvent may 
vary between wide ranges; i.e., from a very minute propor- 
tion of the solute up to the saturation point. The tempera- 
ture of the solution effects very much the saturation propor- 
tion, and this proportion, in the majority of cases, is lowered 
by a reduction in the temperature. 

Liquids tend to freeze when they cool, and the freezing 
point of a liquid is in most cases lowered by dissolving a 
solid in it. For example, with common salt dissolved in 
water take a solution of one part salt and nine of water and 
subject it to the action of a freezing mixture. The tem- 
perature of the solution will fall below 0 degree C-. 
(32 degrees F.), which is the freezing point of water, and 
the solution still remains entirely liquid until the temperature 
of —8 degrees C. (17.6 degrees F.) is reached, when the 
solid begins to separate. Remove the solid and examine it, 
it is found to be pure ice; the remaining solution thus becomes 
more briny, and a still further lowering of the freezing 
temperature is the result. The temperature falls and more 
ice is formed; the fall in temperature and the separation of 
more ice continue until the proportions in the brine are 
23.5 per cent. salt and 76.5 per cent. water, and when the 
temperature falls to —22 degrees C. (—7.6 degrees F.) the 
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whole solution freezes completely. If, on the contrary, the 
solution contains more than 23.5 per cent. salt there will be 
no solidification until the temperature of —12 degrees C. 
(10.4 degrees F.) is reached, when the salt begins to separate 
out, and the separation of the salt with the lowering of the 
freezing point continues till —22 degrees C. (—7.6 degrees 
F.) is reached, at which point the composition of the brine 
is 23.5 per cent. salt and 76.5 per cent. water, and the solution 
then solidifies as a whole. It is thus seen that there is one 
particular ratio of mixing from which it is impossible to 
separate solute or solvent by lowering the temperature, for 
by so doing solidification takes place as a whole; this is the 
“ Eutectic Solution.” The solute and the solvent seem to 
mutually reject each other at the moment of solidification. 
Should a solution contain an excess of solute or solvent over 
the eutectic proportion, and should the solution be cooled 
until it solidifies without removing the excess as it crystallizes 
out, the solid will consist of crystals of the excess constituent 
imbedded in the body of the eutectic. 

Carbon is dissolved in molten iron in very nearly the same 
way that water dissolves salt, and as great a proportion as 
7. per cent. of carbon will pass into solution under the proper 
conditions. The melting point of pure iron is about 1,600 
degrees C. (2,912 degrees F.), but as the presence of salt in 
water lowers its freezing point, so does the presence of carbon 
in iron lower the melting point of the iron. Take a molten 
mass of iron containing upwards of 5 per cent. carbon, as 
the metal cools carbon is deposited in graphitic form, and 
when the temperature of 1,130 degrees C. (2,066 degrees F.) 
is reached the solution will contain 4.3 per cent. carbon. As 
this is the composition of the iron-carbon alloy of lowest 
melting point, i.e., the eutectic alloy, and the whole mass 
becomes solid. The eutectic here is said to contain 2.3 per 
cent. graphitic carbon, while the other constituent is the solid 
solution of carbon in the gamma iron. The name “Austen- 
tite” is given to this constituent. When the molten alloy 
contains less than 4.3 per cent. carbon austentite, instead of 
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graphite, is deposited while cooling. As is the case with 
salt solutions, it is the excess water (ice) which crystallizes 
out first and the solution becomes more and more briny, so 
in the case of high carbon alloys, excess iron solidifies out 
of the solution first, most of the carbide remaining, and 
becomes more and more concentrated in the solution, until 
the temperature 1,130 degrees C. is reached, when the solution 
solidifies. The eutectic has not been traced in steels con- 
taining less than 1.2 per cent. carbon, so that at 1,130 
degrees C. iron holds 1.2 per cent. carbon in solid solution. 
The concentration of austentite, like any other solution, may 
vary, so its carbon may vary between 0. and 2.2 per cent. 
The cooling curve is seen in Fig. 2, in the upper range, from 
1,600 degrees to 1,130 degrees C. The carbon in the molten 
alloy is considered by some authorities as being in the ele- 
mental state and by others as being in the form of Fe,C. 
(carbide of iron). Others claim that Fe,C. above 1,050 
degrees C. is broken up, that it becomes dissociated, and also 
that below 1,000 degrees C. iron can hold more than 1.2 per 
cent. carbon in solid solution due to its being in the carbide 
form. However, no matter which view is taken, the fact 
still remains that a number of important changes take place 
in the cooling solid. The allotropic modification of iron 
plays an important part with steel. “ Beta” iron is capable 
of forming a solid solution with carbon, but “alpha” iron is 
not, because it does not dissolve carbon. The transformation 
range of “ beta” to “ alpha” iron lies between 890 degrees and 
760 degrees C. in pure iron, but the presence of carbon retards 
the passage. There is always a certain amount of lag in the 
passage of an element from the upper to the lower, or the 
more stable, allotropic form. This lag is due to sluggishness 
on the part of the element to change its form, and with 
carbon this sluggishness is accentuated. This lag is seen by 
heating pure iron to the temperatures Ac, and Ac,. These 
temperatures are a little higher (about 30 degrees C.) than 
Ar, and Ar,, the ones on cooling. In a similar manner a 
solution may become super-saturated when carefully cooled 
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below its saturation point without any separation of solid. 
Just so a liquid may be cooled below its freezing point without 
freezing. ‘Take for example water; it may be cooled below 
its freezing temperature without freezing, but if the smallest 
particle of ice be ptt in the super-cooled water, freezing 
immediately sets in and the temperature rises to its normal 
freezing temperature. So also may hyposulphite of soda be 
melted and cooled to the atmospheric temperature without 
solidification, but if the smallest crystal of salt be added 
crystallization will immediately set in, together with a rapid 
rise in temperature and the evolution of heat. Similar phe- 
nomena are supposed to exist in the cooling of cast iron 
and steel. 

All steels freeze as solid solutions. Suppose steel with 
0.5 per cent. carbon be considered. At a temperature of 
1,600 degrees C. this will be indicated by point (b) in Fig. 2. 
This metal cools until the line AB is met, when freezing 
begins; it is for a while part liquid and part solid until the 
line Aa is met, it is then entirely solid and is a homogeneous 
solution of 0.5 per cent. carbon in iron. Consider also the 
point “c,” Fig. 2, at 1,550 degrees C.; the constituents of 
the metal represented at this point are 99 per cent. iron and 
1 per cent. carbon. This alloy cools, and when the line AB 
is crossed freezing commences and the cooling continues, the 
metal being part solid and part liquid until the line Aa is 
reached, when the solidification is complete and it becomes a 
homogeneous solution of 99 per cent. iron and 1 per cent. 
carbon. Other points representing various percentages of 
carbon may be taken and followed out on the diagram. In 
all these alloys, up to 2.2 per cent. carbon content, a solid 
solution of carbon in iron is the result; this solid solution is 
austentite. All steels are considered as being in the condition 
of austentite as soon as their solidification is complete. The 
diagram to the right of XY represents the freezing curve of 


cast iron. For example, take the point “‘e” at 1,400 degrees C.° 


(2,552 degrees F.) ; the percentage of carbon is 2.5 per cent. ; 
the mass cools, and when AB is reached, at about 1,135 


37 
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degrees C., a large amount of the iron containing 2.2 per cent. 
carbon in solution will have formed as a solid, and the small 
amount of liquid solution remaining will be at the point “ B,” 


Fig. 2. 


and upon further cooling the eutectic will cross the point B 
and its precipitation will there be complete. It there consists 
of the solid solution of iron, containing 2.2 per cent. carbon 
in flakelets, and crystals of carbon. That is to say, any 
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solution of iron containing between 2.2 per cent. and 4.3 per 
cent. carbon will, after freezing, consist of a solid solution 
of iron containing 2.2 per cent. carbon and a eutectic. As a 
summation, it may be stated that all solutions of carbon and 
iron containing less than 2.2 per cent. carbon will, upon 
freezing, consist of a solid solution of iron and carbon of 
the same chemical composition as the original solution. There 
will be no eutectic unless the carbon content be greater than 
2.2 per cent. The effects of silicon and sulphur in iron- 
carbon alloys are most important in altering the diagram. 
Silicon makes the point ‘* B” move to the left, i.e., it causes 
the eutectic to have less than 4.3 per cent. C. Sulphur has 
the opposite effect, ‘i.c., to increase the total carbon which 
the eutectic may hold. 
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Fig. 3. 


Fig. 3 shows the cooling curves of a few carbon steels 
obtained by Sir Roberts-Austen. The cooling curve of pure 
iron is also given. ‘The ordinates represent temperature, and 
the abscissae intervals of time in seconds. The first arrest, 
Ar,, at 890 degrees C. (1,634 degrees F.) indicates the 
passage in pure iron of gamma to beta iron. This tem- 
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perature is lowered to 815 degrees C. (1,499 degrees F.) by 
the presence of 0.1 per cent. of carbon in the metal. The 
second arrest, Ar,, denotes the passage from beta to alpha 
iron and occurs at 760 degrees C. (1,400 degrees F.) with 
pure iron, but in metal containing 0.1 per cent. carbon this 
transformation takes place at 725 degrees C. (1,337 de- 
grees F.). The arrest Ar, only occurs in iron containing 
carbon, and with a carbon content of 0.1 per cent. takes place 
at 640 degrees C. (1,184 degrees F.). The other curves 
shown may be readily followed, and it is seen that in steel 
with a carbon percentage of 0.4, Ar, and Ar, coincide at 
700 degrees C. (1,292 degrees F.); and with 1.3 per cent. 
carbon Ar,, Ar, and Ar, coalesce at 680 degrees C. (1,256 
degrees F.). 

The existence of Ar, is due to the formation of cementite 
or its separation from the solid solution. The heat developed 


by this separation is the cause of recalescence, and in the 
case of steel of 1.3 per cent. carbon the phenomenon is 
augmented by the heat developed by the other changes. Steel 


containing less than 0.9 per cent. carbon from 1,000 degrees C. 
(1,832 degrees F.) down to the temperature corresponding 
to Ar, is a solid solution of cementite (Fe,C) in gamma iron, 
and in the critical range between Ar, and Ar, it is changed 
into a solid solution of beta iron with Fe,C; the (Fe,C) car- 
bide in beta iron being known as “ martensite.” Between Ar, 
and Ar, (the second critical range) the beta iron is decom- 
posed into alpha iron. Alpha iron cannot form a solid 
solution, so the carbide of iron (cementite) separates, and 
with the ferrite forms pearlite. Steels containing more than 
0.9 per cent. carbon when soft consist of pearlite and 
cementite ; and those containing less than 0.9 per cent. carbon 
consist of ferrite and pearlite. The term, “ Heat Treatment” 
is of comparatively recent origin, but, strictly speaking, it 
embraces processes that have been practiced for many years, 
viz: “ tempering” and “ annealing.” 

Tempering is the partial softening of hardened steel to 
remove some of the excéssive brittleness of hardened steel 
and thus make it strong and elastic while it is still very hard. 
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Annealing is the complete softening of a piece of steel; 
i.e., to say, as a rule, the obtaining of the greatest softness 
that is possible; or in any case to have the steel softer than 
tempering would make it. Annealing and tempering are 
often misused for each other. 

The following test, known as the Metcalf test, is most 
interesting. Take a bar of steel, say about a foot long, and 
nick it at intervals of an inch. Place one end of it in a 
fire and heat to a white heat, the other end meanwhile being 
at a black heat. Remove the bar and cool it rapidly by 
quenching, then break the bar at the nicks; the crystals of 
the fracture at the heated end will be seen to be the largest, 
and they will grow smaller at each nick until at one of the 
nicks the fracture will show a close, velvety grain; this 
occurs at the point where the metal was at the temperature 
of restoration; and beyond the point of resoration the fracture 
will show the grain of the original bar before heating. This 
test may be used to compare steel suspected of being over- 
heated with overheated steel of similar composition to deter- 
mine the degree of overheating. 

If a piece of steel be heated to a bright red heat and plunged 
into water, thus cooling the metal rapidly, it becomes very 
much harder, stronger and brittler. One requisite to make 
the steel harder is that the temperature to which it is heated 
be above the critical range. Take steel with a carbon con- 
tent of 0.9 per cent., and if it be heated, no matter to any 
temperature, below “S” in Fig. 2, there is no increase in 
the hardness, even though the heated metal be cooled with 
extreme rapidity. If, however, the same steel be cooled 
from a temperature above “S,” no matter how little above 
“S” the temperature may be, the metal will be hard and 
brittle. The quenching of a metal at a temperature slightly 


above the temperature corresponding to its recalescence point 


gives the maximum hardness that can be obtained with the 
metal. If the temperature at which quenching takes place be 
raised above “S,” with steel of 0.9 per cent. carbon the 
grain size is increased; if the carbon be less than 0.9 per cent. 
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the best temperature for hardening is just above the line 
“GOS,” that temperature giving the maximum hardness with 
the best grain size. For steel containing more than 0.9 per 
cent. carbon the best temperature for hardening is just above 
the line SK, and that temperature gives the best grain size, 
but by cooling along Sa greater iardness may be obtained. 

Every increase of carbon in steel gives increased hardness 
to the metal; not only is this true with steel in its natural 
state, but the influence of carbon is even more important 
when steel is subjected to heat-treatment. With a steel its 
hardness increases with the rapidity with which the cooling 
above the critical temperature takes place. Hence the explana- 
tion for the results obtained when three pieces of steel of 
the same composition are heated to the same point above the 
critical temperature and cooled in mercury, iced water and 
oil respectively. The piece cooled in mercury will be the 
hardest, the one in iced water the next hard and the one cooled 
in oil the least hard. The main requirement with steel in 
order to produce hardness is that it be heated above the line 
“PSK,” #e., to a temperature where at least some of the 
solid solution of iron and carbon is formed. 

Both the “ carbon” and the “ allotropic” theories agree that 
at temperatures above the critical range the molecules of the 
steel are in a hardened condition. Cooling from this point 
and across the critical range the molecules change slowly 
from the hard to a soft state; if the metal is allowed to cool 
slowly it will be soft, but the sudden cooling arrests the 
metal’s slow cooling and stops the molecules in their hard 
state. The question at variance between the two theories is, 
“what is it that makes the molecules hard when the steel is 
above the critical temperature ?”’ 

It is hard to imagine how the molecules can be in a hard 
state while the metal is molten, but this may easily be under- 
stood when one remembers that a ball of wet clay is soft and 
plastic while the grains of sand composing it may individually 
be very hard, in fact hard enough to scratch glass. The 
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carbon theory assumes that the hardness of steel is due to 
the carbon dissolved in it. This theory has in its favor the 
fact that hardness varies almost directly with the carbon 
content. On the contrary, it is advanced that the amount 
of carbon is too small to produce the great hardness encoun- 
tered in steel, and that the presence of carbon in metals does 
not induce hardness in any but iron. The great argument 
in favor of the allotropic theory is that tests have been con- 
ducted in laboratories with iron practically free from carbon 
and that the beta and gamma modifications of iron were found 
to be harder than the alpha form. Another point in favor 
of the allotropic theory is that steel, upon cooling slowly 
through the critical range, loses hardness slightly before the 
carbon separates out of the solution. Then, too, the greater 
hardness of high-carbon steel over low-carbon metal is attrib- 
uted to the fact that the presence of carbon retards the change 
from gamma to beta and to alpha iron, and, on account of 
this change being slower with a high carbon content, more 
of the iron upon rapid cooljng is retained in the gamma and 
beta forms. 

To sum up: The hardening of steel is due to the preserva- 
tion of the austentite condition by cooling the metal quickly 
so that not sufficient time is given for the austentite to change 
into pearlite, etc., and once the metal is cooled, the metal is 
locked in the unstable condition of austentite and cannot then 
change on account of the rigidity of its molecules which this 
low temperature causes. 

In tempering a piece of hardened steel we heat it say to 
220 degrees or 320 degrees C., and this slight heating lessens 
the existing strains a bit, and thus causes a reduction in the 
molecular rigidity of the austentite, and the unstable austen- 
tite has a tendency to form pearlite. The higher the degree 
of heating the greater is the tendency for the austentite to 
break up, on account of the molecular rigidity being further 
lessened. . Should the piece of hardened steel be heated to a 
low red heat and allowed to cool slowly there is sufficient 
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time for the austentite to change to pearlite, etc.; the metal 
is then said to be annealed. 

Should a piece of steel be heated to a high temperature, 
say 1,100 degrees C. (2,012 degrees F.), and then cooled 
(either slowly or rapidly) without subjecting it to strain it 
will be coarse grained. Even the best quality of steel may 
be rendered coarse grained and practically unfit for use by 
overheating it. 

Should a piece of steel be heated a number of times above 
“PSK” (Fig. 2) and cooled again it is only the last heating 
that leaves its impression upon the structure of the metal, 
because each crossing of the line on the way up removes the 
effect of the previous treatment. This is only true provided 
that the previous heating temperature was not near the 
melting point, i.e., to say when the metal has become what 
is technically known as “ burnt.’’ Burning sets in when the 
temperature crosses the line “Aa” (Fig. 2). As a safety 
precaution with burnt steel it is advisable to scrap the metal 
for remelting. 

In hardening steel it should be heated just above the 
recalescence point, as heating beyond that is apt to produce 
open grain. Should a piece of steel be overheated but not 
burned it may be restored by the following operation: heat 
the metal to the Ac,—, point, i.e., the point where the metal 
becomes non-magnetic. This is accomplished practically by 
heating the steel and from time to time removing it and 
placing it near a magnetic needle, to determine when it has 
lost its magnetic quality. Should the steel be a large piece, 
a small piece of the same metal is heated alongside the large 
piece and used for testing for magnetism. Steel is said to 
be hardened when the metal is quenched in water or some 
other medium which takes away the heat as fast as or faster 
than water. Steel partially hardened is said to be tempered, 
and steel with all of its hardness removed is said to be annealed. 

From what has been said it might be wondered why steel 
is heated to 1,100 degrees C. to 1,350 degrees C. (2,012 
degrees F. to 2,462 degrees F.) for forging or rolling. Were 
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there no strains impressed on the metal the crystals would be 
large, but the mechanical pressure upon the metal breaks up 
the crystals and reduces them to small size. The resulting 
size of the crystals is dependent upon the finishing temperature 
of the forging or rolling. So steel finished at 1,100 degrees C. 
(2,012 degrees F.) has a coarser grain than the same steel 
finished at 900 degrees C. (1,652 degrees F.). 

William Campbell has found that the best finishing tem- 
perature for 0.5 per cent. carbon steel is just where the ferrite 
begins to separate from the solid solution. This occurs just 
below “GOS” (Fig. 2). Work below that temperature 
greatly increases the brittleness of the metal, while finishing 
work above that temperature gives lower strength. Tenta- 
tively, it may be said that the best results may be expected 





with steels if the mechanical work upon them is completed at 
a temperature which brings it exactly upon the line “GOS” 
or “ SK.” 

In heating a tool for tempering or forging great care 
should be exercised that the metal be heated uniformly. 
Tools with sharp edges and corners should be allowed to 
cool a little before quenching, as the edges are generally 
hotter than the main mass of the piece when it is removed 
from the heating chamber. Very soon the temperature is 
equalized and the tool is ready for quenching. Large tools 
are more difficult to harden than small ones and should be 
raised to a slightly higher temperature, on account of the 
more rapid quenching of the smaller article. Wéith large 
tools the time for heating them is longer, consequently oxida- 
tion is apt to take place unless their surfaces are coated with 
some protecting material. But the coating must be some 
substance that will not affect the steel. Common salt, borax 
or soap may be used; they are sprinkled over the tool and a 
glaze is formed on the metal. Heating for tempering is 
sometimes done by immersing the article in a bath of molten 





salt, nitre or lead, or heated oil. Heating a tool in a black- 
smith’s fire or a furnace filled with flame subjects the metal 
to the fuel and the products of combustion, thus making it 
possible for the article to be injured by the absorption of 
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sulphur. A very good way to heat for tempering is to place 
the metal in a muffle furnace where the flame does not come 
in contact with the article. In this type of furnace there is 
more liability to oxidation, but protective coatings may be 
used to prevent this. 

Stead’s Brittleness—This is a term applied to a brittleness 
which was discovered by Stead in ferrous metals having a 
carbon content of from 0.025 per cent. to 0.12 per cent. 
When they are subjected to prolonged heating between 600 
degrees C. (1,112 degrees F.) and 750 degrees C. (1,382 
degrees F.) they become coarsely crystalline and _ brittle. 
Upon reheating to 900 degrees C. (1,652 degrees F.) the 
coarse crystalline structure disappears and the metal is refined. 

The following authorities were consulted in the preparation 
of this paper: W. J. Keep, H. H. Campbell, J. H. Stansbie, 
Bradley Stoughton, H. M. Howe, T. Turner, R. H. Thurston, 
William Metcalf, and the “ Journal of the Iron and Steel 
Institute,” 1909 and 1910. 
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ANTI-ROLLING TANKS AT SEA. 


RESULTS OF TRIALS OF THE ANTI-ROLLING 
TANKS AT SEA. : 


By HERR H. FrRAuM. 


Read at the Spring Meetings of the Fifty-second Session of the Institution 
of Naval Architects, April 7, 1911. 


GENERAL OBSERVATIONS ON ANTI-ROLLING TANKS. 


Anti-rolling tanks have been developed by the author in the 
shipbuilding yard of Messrs. Blohm & Voss, Hamburg, during 
the last few years. In explanation of the action of the anti- 
rolling device, some general remarks on their nature will be 
useful. 

The idea of employing free water, placed in the hull, for 
damping the rolling motions is not new. In the old iron- 
clad Inflexible a parallel-sided athwartship chamber, partly 
filled with water, was intended for this purpose. . Sir Philip 
Watts in 1883-5 read before this Institution papers describing 
very thoroughly the experiments and results obtained with 
these water chambers. 

The experiments with the /nflexible, which proved the effi- 
ciency of these tanks, took place in the Mediterranean off 
Alexandria, but to our knowledge the trials have not been 
repeated; apparently it was impossible to master the water, 
rushing freely from side to side in the tank. Besides, the 
latter, which extended right across the ship, occupying a full 
deck’s height, required too much room, which could not be 
spared from other purposes. After these trials water cham- 
bers do not seem to have been made use of for any length of 
time. 

The present device avoids the disadvantage of having such 
a big tank, while it is at the same time far more efficient against 
rolling. This result has been obtained by the most careful 
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application of the laws of resonance, the great importance of 
which in engineering generally. is recognized more and more 
every day. 

Under the effects of resonance, bodies that can oscillate 
about a condition of equilibrium are made to swing severely 
under comparatively small impulses, as soon as the period of 
oscillation of the impulse is synchronous with the individual 
periods of the respective bodies. The phases of oscillation of 
the body and of the impulse are deferred by 90 degrees.* 

A ship constitutes a body of this kind, as she will oscillate 
under the impulse of the waves. As is well known, a ship 
will roll almost exactly in the periods of her individual oscilla- 
tions. This has been proved by practical observations at sea, 
and is confirmed by the diagrams given in Plate [1, which 
were recorded on §.S. Ypiranga and Corcovado, as well as by 
experiments on models (particulars of which are given in the 
Appendix). It can thus be shown that a ship will roll in her 
individual number of oscillations, even if the impulse be more 
or less irregular. 

Large heeling amplitudes can only be produced on a ship, 
if she is struck by a series of comparatively regular waves, 
and struck in the measure of her individual number of oscilla- 
tions, Under such circumstances the influence of resonance 
will be promptly felt, and there will be an increase of the angle 
of heeling from wave to wave. All large rolling amplitudes 
observed in practical seafaring are due merely to the influence 
of resonance between wave and vessel. 

On this fact the present device has been based. It utilizes 
a secondary and artificial resonance in order to annihilate the 
influence of the primary resonance between waves and ship. 

This secondary resonance is introduced by means of a U- 
shaped tank, located athwarthship and extending from side to 
side, in which a water column can oscillate with the same num- 
ber of swings per minute that are peculiar to the ship herself. 
The tank is designed in the form of a communicating tube (see 


* This law can be demonstrated with a special apparatus based on the well-known double pen 
dulum. 
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Fig. 8, Plate III), and consists of two vertical parts S at both 
sides, and a connecting part H. The water fills the latter 
entirely, and about one-half of the vertical tank. 

The individual number of oscillations of the water column 
thus enclosed will, of course, depend upon the dimensions of 
the whole tank, and it will, therefore, be the designer’s task 
to calculate them accordingly.* 

According to the law of resonance, the phases of the im- 
pulse of waves and ship are deferred by 90 degrees, that is 
to say, the ship lags a quarter of her full period behind the 
wave, or, in other words, the ship arrives at the heeling climax 
a quarter of a period later than the wave in its advancing 
movement arrives at its maximum slope towards the ship. 
The same law naturally applies to the rolling of the ship, and 
the oscillating movements of the tank water produced by the 
former. Also, in this instance, the phases are deferred by 90 
degrees, and the tank water will reach its highest or lowest 
level in the vertical parts a quarter of a period later than the 
greatest heeling of the ship to one side or the other. 





Consequently there results a total difference between the im- 
pulse of the waves and the oscillations of the tank water of 
90° + 90° = 180° and the latter will act just in the opposite 
direction to the impulse of the waves. Thus the ship will 
heel only as far as the water, under the action of secondary 
resonance, rises or falls in the vertical tanks to such an extent 
that the heeling moment imparted to the ship by the waves 
is balanced by the opposite turning moment, produced by the 
oscillations of the water. The increment of heeling, from 
impulse to impulse, in a free ship, cannot take place now, and 
the rolling motions will be limited to such as will be sufficient 
to produce the necessary oscillations of the tank water in ac- 
cordance with the foregoing explanation. 

It may here be pointed out that Sir Philip Watts had already 
found out that the damping efficiency of his water chambers 
was at its best at a certain depth of water, i.e., a depth suf- 





* The effect of this device, and principally the influence of the secondary resonance, can be ex. 
plained with this experimental apparatus by simply adding a third pendulum. 
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ficient for producing a wave moving from side to side in the 
same time as the ship performs half a heeling motion. 

In his device the principle of resonance also existed, but 
this fact was not discerned or stated at that time, this being 
reserved to the present invention. In the earlier device a free 
wave was breaking from side to side in an open chamber, 
while in the present instance a homogeneous water column is 
enclosed in a well-dimensioned tank, where it performs steady 
and uniform movements, which at any moment can be con- 
trolled by blocking the connections. 

A great advantage of this invention is that only a com- 
paratively small connecting passage is required, whereas the 
earlier water chambers wholly occupied the space from side 
to side to the full deck’s height. 

Professor Biles has improved upon the open water chamber 
(especially for ships of slow period) by narrowing the bulk- 
heads of the chamber, thus leaving the tank somewhat nar- 
rower in the center of the ship. But the free-water surface re- 
mained, and consequently it was impossible to keep the water 
under control, nor was it possible to arrive at the efficiency 
which is obtained with the present arrangement. 

The author has to thank Sir William White and Sir Philip 
Watts for informing him that the first proposal for the 
Inflexible was somewhat different. It was intended to arrange 
a cross connection between the cofferdams, out of which the 
cork filling was to be withdrawn and replaced by water. The 
cork, stored in other parts of the ship, was only to be replaced 
on the declaration of war, but this proposal was not agreed 
to, as it was considered that the replacing of the cork would 
take too much time, and the water chamber, as already de- 
scribed, was adopted instead. 

Although this proposal was somewhat similar in appearance 
to the present device, it must be stated that the fundamental 
reason of the great efficiency of the new anti-rolling tank, 
viz: the effect of resonance between the enclosed water column 
and the ship’s oscillations, and the phase difference of about 
90 degrees, were not discerned at that time, and, consequently, 
could not be made use of. 
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The connection (L,) between the upper parts of the vertical 
tanks is provided with a throttling apparatus (D) which is 
of great importance to the present invention. It serves first 
of all to stop the movement of the water by simply blocking 
the connection. Besides, the air passing through the upper 
connection, in accordance with the rising or falling of the 
water in the vertical tanks, can be more or less throttled in 
order to adjust the oscillations of the water to the condition 
of the sea. 


EXPERIMENTS ON S.S. “ YPIRANGA” AND “ CORCOVADO.” 


The first experiments to be referred to took place on the 
passenger steamers Ypiranga and Corcovado. ‘These ships, 
although new and of excellent construction and fitted with 
bilge keels 1 foot in depth over two-thirds of their length, 
were said to be bad rollers, and, therefore, made excellent 
subjects for trial. 

The principal data of both vessels, which have been built as 
sister ships, are as follows: 


Length between perpendiculars, feet...... 447 
Extreme breadth, feet.................. 55 
Loaded draught, feet and inches.......... 25-5 
Loaded displacement, tons............... 14,100 
Ie a8 ie EE EVA A eis 13 


The arrangement of the tanks is shown in Figs. 1, 2, 3 
(Plate I). There are two sets of anti-rolling tanks, one fore 
and one aft, placed at the position of the masts between the 
existing loading hatches on the uppermost deck. Each set con- 
sists of two tanks, of 9 feet height and 10 feet athwartship 
breadth, placed close to the shell plating, with a lower con- 
nection of 1 foot 6 inches height, carried over the deck (see 
Fig. 2). The length of each basin in the ship’s longitudinal 
axis is 25 feet. The upper parts of the side tanks are con- 
nected by a flying bridge, in order to get the necessary space 
for the location of the winches, which hitherto had been placed 
on the continuous deck. Below this bridge are placed the air 
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connections of the tanks, provided with valves for throttling 
or entirely cutting off the connections, which will regulate 
or stop the motion of the tank water. 

For better guidance of the water, rushing in and out of the 
tanks in a seaway, special guide plates have been provided. 
The tanks are filled by the wash-deck pump, and discharge 
directly outside through a foot valve. In the middle of the 
lower connection a water gage is arranged. The total quantity 
of water in each tank is 94 tons. 

The first experiments were made at the end of March, 1919, 
during the first outward trip of the Ypiranga, after she had 
been fitted with the anti-rolling tanks. During this voyage, 
and in the presence of quite a number of prominent nautical 
and technical experts who went out in her to Lisbon, the 
damping effect of the anti-rolling tanks, although the sea 
was not very rough, was proved in the Gulf of Biscay and off 
the north coast of Spain. It was therefore resolved to have 
her sister ship, Corcovado, also fitted with anti-rolling tanks. 

During the experiments the rolling motions of the ship with 
the tank partly out and partly in action were recorded by means 
of a specially arranged recording pendulum. 

In the course of last summer the experiments were con- 
tinued on the Ypiranga, as well as on the Corcovado, during 
their regular voyages between Hamburg and Buenos Aires or 
Mexico, under many different conditions of sea; some charac- 
teristic diagrams are given in Fig. 4 (Plate II) for the Y piranga, 
and Fig. 5 for the Corcovado, and the excellent damping 
efficiency of the anti-rolling tanks was confirmed in every way. 
In special cases heeling angles of 11 degrees to either side 
were reduced through the action of the anti-rolling tanks to 
only 2 to 2% degrees. It was stated that the influence of the 
anti-rolling tanks on the health of the passengers was very 
favorable, and that these ships, which had previously been 
unsteady and much given to rolling, had become, through the 
addition of this device, quiet, comfortable vessels. 

Though both ships had occasionally met with bad seas on 
their first voyage, the anti-rolling device had still to be experi- 
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mented with during really heavy weather. Ample occasion 
for this was afforded last winter during the heavy gales in the 
Atlantic. The Corcovado on her tenth trip met with very 
rough weather in the middle of the Atlantic. The diagrams 
of December 12, 1910, are shown in Fig. 7 ( Plate IL). 

The curves, which were continuously recorded from 11 :30 
A. M. to 5:55 P. M., and which are partly reproduced in Fig. 
7, show, for the undamped ship, rolling angles ranging up to 
18 degrees on each side of the vertical. At noon, first the fore 
tank was set free, and immediately a regular decrease of the 
rolling was experienced. The aft tank, hitherto empty, was 
filled up during the next few hours, and put into action at 
3:52 P. M., and from that very moment the ship showed an 
extraordinary regularity in her movements. The greatest 
heeling angles were scarcely more than 3 degrees to 4 degrees, 
and further diagrams, the recording of which was continued 
until the next port, showed exactly the same result. 

From the diagrams it is obvious that, under the then exist- 
ing conditions of sea and weather, one tank by itself had a 
favorable influence on the ship, but could not entirely damp her 
rolling. 

For immediate comparison it ought to have been possible 
to suddenly block both tanks at the same time, in order to 
obtain diagrams of the unquenched rolling under the same 
conditions; but during the heavy weather this could not be 
allowed by the captain on account of the passengers. 

The general conditions of stability of the Corcovado during 
this voyage, and especially during the experiments just men- 
tioned, are shown in Table I. 

The value of the different letters in Tables I and II is as 
follows: 


M=Transverse metacenter. 
G=Center of: gravity. 
K==Upper edge of keel. 
R=Radius of gyration. 
t==Duration of a single period, in seconds. 
z—Double oscillations per minute. 
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The Ypiranga on her outward trip to Mexico (December 
7, 1910) also met with exceedingly heavy seas and a strong 
gale in the Bay of Biscay. A diagram taken under these con- 
ditions from 11:20 P. M. to 12:25 A. M. is shown in Fig. 
6 (Plate II), but only the curves with both tanks in action have 
been recorded; the average heeling angles range from 4 de- 
grees to 5 degrees, and only occasionally somewhat wider 
ranges are to be found. In this case also, consideration for 
the passengers’ comfort and the ship’s safety did not admit of 





blocking the tanks for immediate comparison. Thus the un- 
damped motion of the ship could not be recorded, but it was 
supposed by the leading men on board that without the damp- 
ing action of the anti-rolling tanks she would have rolled to 
more than 25 degrees on either side. 

During the homeward trip of the Ypiranga, and under 
slightly easier conditions in the middle of the Atlantic, experi- 
ments were made, on January 20, 1911, with the aft tank 
alone. The corresponding diagram recorded from 4:35 to 
5:40 P. M. is shown in Fig. 6, second row. 

From 4:50 to 5:24 P. M. the tank was blocked, with the 
result that during this time the heeling angles increased to a 





maximum of 18 degrees, whereas with only one tank in action 
a maximum of but 7 degrees was recorded. The second tank 
had, unfortunately, to undergo some small repairs and could 
not therefore be used to complete the experiments. 

The conditions of stability of the Ypiranga, both for out- 
ward and homeward voyage, are shown in Table II. 

The data obtained during the experiments lead to the gen- 
eral conclusion that the anti-rolling tanks added on the S.S. 
Y piranga and Corcovado have fully done their duty under 

very different conditions of weather and sea, as well as of 
loading. Under the average and more favorable conditions, 
which are usual, the efficiency of the anti-rolling tanks is ab- 
solute, inasmuch as all rolling motions are almost entirely 
damped. But they have also undoubte‘ly a very favorable 
influence under the worst conditions. It is a fact that on 
both ships, since the anti-rolling tanks have been added, 
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safety boards, which had always to be used before, are now 
no longer necessary, even with the weather and sea at their 
worst. Moreover, the passengers, during the frequent experi- 
ments with the tanks out of action, urged to have them put on 
again, which speaks strongly in their favor. 

When in full action these tanks exert a turning moment of 
2,790 foot-tons, thus counteracting wave impulses of equal 
turning moment. This figure is of great importance for judg- 
ing the whole problem, as it throws some light on the power 
required for effectually damping the rolling of a ship like those 
mentioned. In order to obtain equal efficiency, the same power 
ought also to be exerted by any other anti-rolling device, ¢.g., 
the gyroscope, but it is doubtful if it will be possible to develop 
the latter sufficiently. 

Experiments with anti-rolling tanks have been also made on 
other ships, details of which may be seen in last year’s Trans- 
actions of the Schiffbautechnische Gesellschaft, which include 
a paper on this subject read by the author. Further experi- 
ments are to be made, as quite a number of shipowners (Ham- 
burg-American Line, Hamburg-South American Line, Ger- 
man East African Line, Woermann Line) are having their 
new passenger ships fitted with these tanks.* 

The first of these vessels, the S.S. General (13,620 tons 
loaded displacement), of the German East African Line, has 
now been completed; she started on her maiden trip to East 
Africa at the beginning of March. She is fitted with a tank 
as shown in Fig. 10 (Plate III), and has met with a storm dur- 
ing which the anti-rolling device proved highly satisfactory. 

As a rule all ships fitted with anti-rolling tanks are also 





*In England also this question is being followed with the greatest interest, and negotiations are 
proceeding with some of the largest firms with a view to fitting such tanks in vessels under con- 
struction, and also in existing ones. 


+ According to detailed reports the S. S. Genera? met with strong winds and a heavy sea in the 
Bay of Biscay on March 8 and 9g, 1911, which made her roll 14 degrees on either side, whcn the 
tanks were out of action. The following experiments were then made: First, the smaller (fore) 
tank was put on, with the result that the heeling angles were at once reduced by 7 degrees or 8 
degrees. Then the larger (aft) tank was also put in action, and the rolling was reduced to 3 de- 
grees in either direction. By blocking the latter tank the rolling amplitudes rose again to 5 degrees, 
and, with both tanks out of action, 14 degrees. The diagrams recorded during these experiments 
are not yet available for publication. 
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fitted with a recording pendulum, in order to collect data, 
which will furnish additional records of interest. 


ON THE LOCATION OF ANTI-ROLLING TANKS. 


The practical location of the tanks is determined by various 
considerations. As they only exert a turning moment round 
the longitudinal axis, theoretically it will be of no importance 
whether they are placed amidships, fore or aft. Practically the 
midship position will always be preferred, because this is the 
broadest part of the vessel, and, besides, the yawing of the 
ship, #.e., the lateral sheering under the impetus of cross seas, 
is less felt here. 

These sheering motions may possibly diminish the efficiency 
of the tanks by accelerating the movement of the water con- 
tained in the cross connection ; but this is only likely to happen 
in stiff vessels with a high period of frequency, which conse- 
quently require the cross communication to be rather wide. 
On normal vessels, i.¢., not too stiff, the tanks may as well be 
placed fore and aft. Instead of only one big tank, two or more 
smaller ones may be employed and placed in different parts of 
the ship. 

As to the height above load water-line, no general rules can 
be established. The best efficiency will be obtained by placing 
the cross connection above the center of gravity. In this case 
the hydrodynamical action of the water in the connection will 
increase the statical action of the side tanks; on the other 
hand, it would be quite possible to place the connection below 
that center, if the tanks can be enlarged accordingly. This 
increase in size will be small in ships with slow periods, but 
more important in stiff vessels with comparatively short 
periods. 

It will now be shown by some examples how the tanks, the 
dimensions of which should be calculated according to the 
rules given in the author’s paper published in the Journal of 
the Shiffbautechnische Gesellschaft (1911), are to be located 
in the ship. In Fig 9 (Plate III) are shown the section and 
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part of the profile of a very large passenger and cargo steamer 
of 51,000 tons in which the tank is located in the middle of the 
ship, somewhat above the load water-line, and occupies a space 
hardly available for other puropses. The wing tanks are 16 
feet 5 inches broad, and are carried through two decks. The 
cross connection is 2 feet high, and placed below the lower 
deck. Special guide plates are arranged to check the flow of 
water rushing in and out. The cross connection has also been 
furnished with vertical guide plates, in order to proportion the 
section of the water to the values obtained by calculation. 
It will be noted that the size of the tanks, although designed 
for the high damping characteristic of 3.2 degrees,* is of prac- 
tically no importance compared to the size of the ship. 

In Fig. 10 (Plate III) the arrangement of the anti-rolling 
tank on board the German East African liner General is shown. 
The feeding and discharging arrangements, as well as‘the air- 
throttling valves, are operated from the fore stoke hold. 

Figs. 11 and 12 (Plate III) show the arrangements for 
an anti-rolling tank on a modern 25,600-ton battleship which 
has been designed for a foreign government. The design of 
the tank is based on a damping characteristic of 2 degrees. 
From Fig. 11, showing a cross-section of the ship, it will be 
seen that the tank follows the double bottom, the latter being 
carried up to the armor deck. The cross connection is 1 foot 10 
inches high, and graded into the wing tanks, the latter being 
each 6 feet 5 inches wide. Between the inner skin of the side 
tanks and the longitudinal torpedo bulkhead an accessible pass- 
age of 2 feet 7 inches width is left. The air connection is located 
between the deck beams below the armor deck. The throttling 
apparatus, in the form of a valve, can be actuated from the 
center-line passage. 

Where great stresses are to be expected, such as when dock- 
ing the ship, the cross connection has been stiffened by special 
cast-steel pieces. The frictidnal resistance of these stiffeners, 
as shown by experiments made for the purpose, is so insignifi- 
cant that these additions in no way prejudice the action of the 





* A definition of the “‘ damping characteristic” is given in the author’s paper referred to above. 
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tank. The latter, in its longitudinal direction, has been divided 
in four compartments, each fitted with separate feeding and 
discharge valves and separate air connections. 

The total length of the tanks is 83% feet, which appears 
rather large, but it has to be borne in mind that in this instance 
the wing tanks could be given a breadth of only 6 feet 5 
inches. 


RECORDING PENDULUM FOR ROLLING MOTIONS. 


For the practical experiments a reliable recording instru- 
ment could not be dispensed with. For ordinary ship’s use, 
therefore, a simple apparatus has been designed, based on the 
pendulum and constructed from the fundamental ideas first 
propounded by Froude. This apparatus has been used pri- 
marily for the experiments already described. For the sake 
of brevity we may call it the “ roll pendulum” (Fig. 13, Plate 
III). Its essential part is a pendulum, placed on knife-edge 
bearings, of the long swinging period of 63 seconds, corres- 
ponding to 0.96 double oscillations per minute. The pendulum 
is formed by a beam with identical weights at both ends, the 
center of gravity being placed about 1/32-in. below the 
knife edge c by means of a small additional weight d. 

The knife edges of the pendulum are placed in the bearings 
of a frame connected to the ship. The turning movements 
of ship and frame in relation to the pendulum are recorded by 
pencil g on drum e, the latter being driven by electromotor h. 
The pendulum, on account of its great inertia and the very 
small distance of its center of gravity from the axis of rota- 
tion, will keep its vertical position without following the roll- 
ing motion of the ship, as long as the frequency of oscillation 
of the ship is at least twice that of the pendulum. 

As the rolling motion of ships will always keep above 21%4 
oscillations per minute, the diagrams recorded by the apparatus 
can be regarded as reliable, and free from error, a fact that 
has been proved by experiments carried out in the Imperial 
Navy. 
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It should, however, be mentioned that the pendulum, under 
certain circumstances, may be influenced by lateral accelera- 
tion. The action of rudder will cause a turning motion of the 
ship round a vertical axis, which may lead to a movement of 
the pendulums. Such motions, if they occur, will be noticed 
in the diagram as long curves, intersected by the rolling curves 
of the vessel, and will be most apparent if the rolling ampli- 
tudes are comparatively small. 

The rolling amplitudes in such cases have to be counted 
from the undulating line, and the diagram has to be corrected 
by stretching the curves of the easy motions of the roll pendu- 
lum and plotting the rolling amplitudes from the stretched 
line. 

FINAL DEDUCTIONS. 


The foregoing explanations may be summed up as follows: 

The present arrangement offers for the first time the possi- 
bility of building ships of any size and stiffness so that their 
steadiness against rolling can be ensured. This is of special 
importance, as it will no longer be necessary to design vessels, 
especially passenger boats, as tender as possible in order to 
make them “ quiet and steady.” The anti-rolling tanks will 
allow greater freedom when settling the beam of ships, which 
is of fundamental importance for their stability. Nowadays, 
with the increasing tendency towards large ships, this point is 
of the greatest importance, as only length and breadth can be 
augmented, but not the draught, which, on account of the 
limited depth in harbors and rivers, hardly admits of any 
increase at all. Also, for other reasons, greater beam will be 
very favorable for some types of passenger boats, because they 
will thus be able to carry a larger number of passengers. This 
will raise their earning capacity, and admit at the same time 
of a more favorable arrangement of saloons and promenade 
decks. : 

The quantity of water required for the tanks will, of course, 
increase with the ship’s beam. It will, therefore, be a question 
of careful study and calculation to ascertain to what extent 
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the breadth may be increased without arriving at an excessive 
size of the anti-rolling tanks. It has, however, been shown by 
calculation that it will be quite possible to build passenger 
boats with the usual high superstructure up to 120 to 130 feet 
beam and a draught of 34 to 36 feet, which, with the aid of 
the anti-rolling device, will be perfectly steady, the necessary 
water required being only 1.3 to 1.5 per cent. of the displace- 
ment. 

Further advantages of the damping action of the tanks con- 
sist in the smaller loss of speed in unfavorable seas, the de- 
crease of the transverse stresses in the hull, and improved 
steering and maneuvering qualities of ships. 

The tanks can also be easily built without great additional 
cost into existing ships, thus essentially improving their sea- 
going qualities. 

The weight of the tank itself is small, compared with the 
total weight of the ship. As to the tank water, it may be 
mentioned that it will only have to be carried if rolling is going 
on or is to be expected. The tanks can also be worked with 
fresh water, carried for ship purposes, or liquid fuel, if on 
board. 

Hitherto the application of the anti-rolling tanks for mer- 
chant vessels has principally been dealt with, but they will doubt- 
less prove of the greatest importance also to men-of-war. A 
steady ship will always be welcome to passengers, but a steady 
gun platform is almost indispensable to the gunner. Future 
naval battles will depend to an extraordinary extent on the 
guns, and every device tending to improve the efficiency of 
ordnance may be regarded as a valuable improvement in an 
up-to-date battleship. 

Rolling in a man-of-war is not only a serious drawback for 
her gunnery, but it may also raise her armor belt above the 
water surface, thus exposing her vital parts to the enemy. 
For the location of the tanks on board warships some technical 
difficulties may arise; but, in view of the importance of this 
question, it seems likely that a compromise will be arrived at 
in this instance, as in other questions of naval architecture. 
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Finally, it is worth mentioning that the author has worked 
out still another form of anti-rolling device, which offers great 
advantages, especially for use on board men-of-war, because 
it dispenses with the cross connection. In this arrangement the 
wing tanks, through specially shaped and dimensioned holes 
in the shell-plating, have direct communication to the sea. 
With this form of tank, which in model experiments has 
given good results, further experiments on a larger scale are 
to be made shortly, and the author will be pleased to publish 
the results later on. 


APPENDIX I. 
MODEL EXPERIMENTS. 


Anti-rolling tanks have been carefully studied on models, in 
order to obtain the necessary fundamental data. For this pur- 
pose models of different types of ships were made, with all 
appendages, such as rudder, bilge keels, propeller bosses, &c., 
and the static and dynamic conditions of real ships were repro- 
duced with the utmost care. Assuming a linear reduction 


I , : 
of = for the model, the proportions for the corresponding 


values of the real ship are as follows: 


Weight, ; R : ; ; ; ; I:@ 
Metacentric height, R , . I:a 
Moment of inertia, referred to the ‘ennitintinel axis, ee 
Number of oscillations, . ‘ , , ‘ .v—fess 


The principal object of the experiments was to obtain some 
data for the estimation of the eventual behavior of the respec- 
tive ships in a seaway, but the water surface of the experi- 
mental tank proved too small for producing waves of the 
necessary regularity, size and shape. Consequently a substi- 
tute had to be devised. To this end a plate spring was used, 
moved to and fro by a crank gear and connected to the model. 
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Thus, oscillating impulses were imparted to the model, of 
much the same kind as those of waves of a certain slope pass- 
ing underneath a ship. A cross-section of the model will be 
found in Fig. 14 (Plate III). In the diagram, a indicates the 
tank, filled with water up to b b; c is the model ship, and d 
the plate spring, placed on an intermediate shaft and repre- 
senting the impulse of the waves. 

The intermediate shaft, by means of link ¢, is connected to 
the crank gear f, which can be moved either by an electro-motor 
or a handbrace, with an intermediate toothed gear. The oscil- 
lations of the model are recorded by a pencil fixed at the end 
of link k, turning round the point 7. The oscillations are 
marked on drum / driven by an electro-motor. 

Similarly, the impulses imparted to the model by the plate 
spring are recorded on the same drum by a pencil fixed at the 
end of rod n, which is placed in a bearing at the pivot of the 
plate spring lever. The transmission has been calculated, 
and the pencil placed so that the curves recorded will mark the 
magnitude of the impulses as well as their phase in relation to 
the oscillation of the model. 

The model floats in the tank, but is kept so that it can only 
roll and pitch, to the exclusion of all sideways movements. 
To this end the model has been fitted fore and aft with pivots 
0, which are allowed to slide in a vertical slot. Also, on the 
model ship the pivots may be shifted up or down, in order to 
find the so-called axis of oscillation, i.e., the axis about which 
the ship will be more or less likely to roll when at sea. This 
axis cannot be ascertained by calculation, as it will always de- 
pend on the distribution of the cargo in the ship, and on the 
underwater shape and the disposition of the appendages. 

The true axis, however, may be supposed to be the one 
about which the ship will roll with the least resistance. In 
order to ascertain the true position of this axis extinction 
curves were recorded, with the said pivots on the model at 
different levels. The model was then heeled to a certain point 
and left to itself; by means of graphic diagrams it could thus 
be found how many oscillations of the model took place before 
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the heeling angle was reduced to a certain point. The axis 
which during these experiments required the maximum num- 
ber of oscillations was kept as the standard one for the sub- 
sequent experiments. From the experiments it has been 
found that for most ships the axis of rolling practically coin- 
cides with the center of gravity. 

In the experimental tank the principal types of vessels 
(merchant ships as well as men-of-war) have been studied 
systematically as regards their behavior with the anti-rolling 
tanks in and out of action. In amplification of the experi- 
ments the tanks have been frequently altered in shape and 
dimensions and also moved about, in order to find out the 
limits of their efficiency. The data thus obtained were very 
ample and interesting, but their publication in extenso would 
lead too far. Asan example, the particulars of one experiment 
may, however, be given. 

On Plate IV there will be found in Figs: 15 and 16, the 
results obtained with the model of an ordinary merchant ves- 
sel. In the following table the principal data are given for 
the model and for the corresponding ship, which has very 
similar proportions to the Y piranga. 

Model. 


ao full size. Ship. 

Length between perpendiculars.............. I, 10.75 feet. 430 feet. 
Bimivamne DORGED.ciscccee. ccksscncses-<-0d0.0sc000kd — 9.38 feet, 55 feet. 
Re oe ter ee eee eae T .59 foot. 23.6 feet. 
NS IR vi dncicdpsice<esnvceenséanee MG -gt inch. 36.4 inches. 
IIE, oxhicnnenauseoeiscchccnesssaceses, onkel P 407. pounds. 11,600 tons. 
PRES GU DIMOUIN Soi diki scisiicccseceed <oddbdeee K .55 foot. 22 feet. 
Oscillations per minute... ..............cecceseeeZ 27 4.27 
Weight of water in the anti-rolling tanks.... 5.3 pounds. 152 tons. 


° 

The anti-rolling tanks used during the experiments hereafter 
described were placed so as to resemble as closely as possible 
those constructed afterwards on §.S. Ypiranga and her sister 
ship Corcovado. During the experiments, as well as later on 
board of these vessels, the tanks were put in and out of action 
by simply opening or blocking the upper air connection of 
the wing tanks. After the air connection has been closed the 
free passage of the air enclosed in the tanks is cut off. The water 
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when oscillating, is, therefore, working against a kind of air 
buffer, and the oscillations will be reduced to very slight move- 
ments. On the other hand, by opening the air connection the 
water is set free again. 

For the experiments the ship was supposed to be struck by 
waves of different energy and parallel to her longitudinal axis. 
The angle a (see Fig. A) of the theoretical maximum slope of 











Fia. A. 


wave was regarded as a measure of the energy. Waves which 
strike with uniform slope against the whole length of a ship 
are practically unknown, and are to be considered as merely 
theoretical, in order to obtain a measure for the impulses im- 
parted to the ship by the waves. Their relation to the real 
wave slope, which, in some cases, will reach 8 degrees to 9 
degrees, will be found in Appendix II. 

Model experiments have been made with the following 
theoretical slopes: a=1°, 2° and 3°. The crank radius of the 
plate spring moving gear was accordingly adjusted by con- 
tinually varying the radius, until the heeling angle of the model 
at the farthest range of the spring corresponded to the respective 
wave slope. Theoretical considerations prove that the im- 
pulses to and fro, imparted to the model by the spring, must 
have the same oscillatory effect as waves of corresponding 
slope, if only the periods be equal. 

First of all, the behavior of the model was noted, when be- 
ing struck by a series of waves of equal periods; the periods 
being varied from 32 to 18 per minute for the model (corres- 
ponding to 5.06 to 2.85 for the ship). During these experi- 
ments the model, first kept in the central position for each 
series of waves, was set free and the gradually increasing 
oscillation curves were recorded, beginning from the vertical 
position. The curves of extinction were also taken down, i.e¢., 
the curves of the decreasing oscillations of the model when 
returning from a certain point of heeling to its normal position. 
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It is interesting to compare the behavior of the model at the 
different slopes and periods of the waves. With the anti-roll- 
ing tank out of action, for every wave slope, and especially in 
the proximity of resonance, 1.e., co-periodicity between wave 
and model (27 per minute=4.27 for the ship) from oscilla- 
tion to oscillation, an increment of heeling is observed, the 
increase being nearly proportional to the energy of the waves. 
Above and below this resonance point the increment of rolling 
was in all cases far less. 

From theoretical reasons it appears that the increase of 
rolling from oscillation to oscillation in case of resonance 
ought to be nearly proportional to the slope of the wave. This 
is confirmed by Fig. 16 (Plate IV ), showing the curves of in- 
crement of heeling for different slopes of waves at resonance. 
In the same diagram theoretical curves (shown in dots and 
dashes ) have been inserted, showing the line which would be 
followed by the oscillations at the different wave slopes, if 
the ship or model could swing in the water without any friction 
or form resistance. 

These lines have been constructed on the theory that the in- 
crement of heeling range from double oscillation to double 
oscillation ought, for each degree of wave slope, to be 
—=7=—=3.14 degrees. Thus, for a wave slope of 2 degrees the 
increment ought to be 3.14 2=—6.28 degrees. but the real 
increase, owing to friction and resistance of the ship against 
rolling motion, is less. In the case of a wave slope of 2 
degrees the increment of heeling between the first and second 
impulse is 4.6 degrees, between the second and third=4.3 
degrees, and between the third and fourth=4 degrees. 

Through augmentation of the hull’s resistance, as by add- 
ing bilge keels, the increment of heeling can be further less- 
ened. This point also has found due consideration in the 
experiments. 





There remains the question whether the laws of similarity 
between model and ship also apply to the resistance of the 
hull against rolling motion. Opinions may differ on this point, 
but it can be assumed that the law applies to the ship when at 


















ANTI-ROLLING TANKS AT SEA. 591 


rest with sufficient accuracy.* For the moving ship, however, 
this does not seem to be the case with absolute correctness. 

It will be possible to make further use of these data by ob- 
taining oscillating curves on board ships when at sea, in order 
to ascertain the values of real increment. The latter, com- 
pared with the corresponding data obtained on models, will 
enable the necessary deductions to be made as to the energies 
of the impulses of waves for each case, in degrees of theoreti- 
cal slope. 

Up to now we have only spoken about model experiments 
with the anti-rolling tanks out of action. The same experi- 
ments have also been made with the tanks acting, and the re- 
sults thus obtained are shown in Fig. 15, immediately below 
the curves of the former experiments. 

Near the dangerous point of resonance the following results 
have been obtained for the heeling after the fourth impulses 
of equal period (see Fig. 16): 


Damping of With both With only 
Slope of waves. rolling motion. tanks on. one tank on. 
degrees degrees. degrees. | degrees. 
I From 8.4 upwards. I 2 
2 17.8 m 2.7 7.8 
3 26.8 * 6.2 17.5 


As will be noted, the damping action of both tanks at the 
same time is almost perfect up to wave slopes of 2 degrees, 
and decreases slightly only at 3. With only one tank in action 
the efficiency is far less, especially at a slope of 3 degrees. 
This proves that with the dimensions assumed for the anti- 
rolling tanks, one of them by itself would not be sufficient for 
resisting strong impulses, which, however, happen but rarely. 





* This is proved by the experiments carried out some time ago in England on big ships and the 
corresponding models, in order to ascertain the extinction curves. It was then found tlat the de. 
crease of heeling from oscillation to oscillation was identical, both for model and ship. This admits 
of the deduction that the damping action of the hull’s resistance (including bilge keels) also follows 
the laws of analogy. 
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The curves showing the behavior of the model under im- 
pulses above the resonance point, 4.e., impulses of shorter 
periods, as a rule, also show a considerable damping of the 
rolling for all slopes. This refers to impulses below the said 
point, viz: the longer periods, but it is to be noted that very 
slow impulses will show a small increase of heeling. 

This may be explained as follows: As already stated, for the 
model experiments the energy of the impulses was ascertained 
by varying the crank radius, until the model at the greatest 
deflection of the plate spring heeled at an angle corresponding 
to the respective slope of wave. Now these experiments were 
made with closed air connections of the anti-rolling tanks, 
which put the latter out of action. This method is only cor- 
rect near the point of resonance; above it the impulses so ob- 
tained prove a trifle too weak, while they are a good deal too 
strong below that point. 

The tank water, when set free, will in the former case lessen 
the action of the impulses, while it will considerably increase 
this action below the point of resonance. This is due to the 
varied phases of oscillation between impetus of wave and ship 
as well as between ship and tank water. These phases come 
to 90 degrees at the point of resonance, whereas they will be 
180 degrees above and 0 degrees below that point. 

With the same model a series of experiments was made in 
order to ascertain its behavior towards irregular impulses. 
During these experiments the curves of oscillation were re- 
corded for constant wave slopes but changing periods. The 
latter varied from 15.8 to 68.5 per minute for the model 2.5 
to 11 for the ship. 

In Fig 17 (Plate IV) the curves are given for wave slopes 
of 1 degree, 2 degrees and 3 degrees, both with the anti-roll- 
ing tanks in and out of action; the efficiency of the tanks, es- 
pecially at the high slope of 3 degrees, will be noted. During 
these experiments the electro-motor was uncoupled and the 
plate spring was made to move irregularly by a crank worked 
by hand. The line indicating the curve of irregular impulses 
was recorded by the writing apparatus, connected with the 
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crank gear, as a separate line and parallel to the oscillation 
curves. In Fig. 17, however, the curves are illustrated to- 
gether, in order that the lag of the phases between impetus 
of waves and ship may be more easily perceived. 

It will also be seen that, where the heeling increases, the 
ship as a rule is 90 degrees (==} period) late, while on the 
other hand she will advance by nearly 90 degrees as soon as 
the heeling decreases. In the former case the impulse of the 
waves will augment the oscillations, while it will counteract 


the ship’s movement in the latter case, with a consequent 


diminution of heeling. 

With the anti-rolling tanks in action, on the contrary, the 
lag of phases remains almost* constant, and nearly in all in- 
stances the oscillations of the ship will be found about 90 
degrees late. As noted in Fig. 17 (3 degrees wave slope) the 
lag of phase will not always be exactly 90 degrees, but the 
character of the phase-delay remains. 

From the curves obtained it may be deduced that a ship— 
as has already been mentioned—will roll only in her proper 
period, even in a very irregular seaway. 

The general theory and the method of calculation for par- 
ticular cases have been published in the Journal of the Schiff- 
bautechnische-Gesellschaft for 1911. 


APPENDIX II. 


GENERAL NOTES ON WAVES AND THEIR EFFECT UPON MOVING 
SHIPS. 


From a large number of observations* it has been shown 
that the average periods of waves vary from 5 to 11 per 
minute. The higher periods (8 to 11) are more frequent in 
shallow waters (North Sea, Baltic, &c.), while the lower are 
found in deep seas (Atlantic, &c.). 

Besides the depth of the water, the period depends upon the 


*See A. White, Johow-Krieger, Guyon, etc. 
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intensity of the wind, its duration, and the extent of water in 
the direction of the wind. It seems to be certain, however, 
that at any one time only waves of a certain period are found, 
i.e., if the general conditions are in favor of waves of period 
6, none of 9 or 11 will be noted. 

Of course, certain fluctuations are always to be expected, 
as well as sudden variations of phase, ¢.g., the waves tilting 
over. Waves with less than 5 periods per minuté are, accord- 
ing to the reports, very rare. 


POSITION OF SHIP WHEN 
TRUCK BY RIDGE OF Wave 


Wh 


C-#SPEED OF SHIP 





e 
Fic. B. 


As has repeatedly been stated, real rolling is only produced 
if the periods of ship and wave synchronize. It must, how- 
ever, be pointed out that by “ wave-period,” not its real period, 
but its apparent period relative to the moving ship is to be un- 
derstood. The real period only refers to a stationary vessel, 
or a ship that moves in a direction exactly parallel to the 
waves. The apparent period is produced in the following 
way: 

If the vessel proceeds at an angle towards the generating line 
of the wave, the intervals between the single ridges striking 
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the ship will be shortened or deferred. They will be shortened 
if the waves come obliquely from ahead, and lengthened if 
they come up from behind (Fig. B). 

The apparent period is given by the formula: 


L 


T, : alg 
Vv cesind 


In this formula: 

T,—apparent period of wave in seconds. 

L, =real length of wave in feet. 

v ==real velocity of wave in feet per second. 

c ==speed of ship in feet per second. 

a ==angle between the ship’s longitudinal axis and the gen- 
erating line of wave. This is positive if the waves come 
up from behind, and negative if from ahead. 

Besides, there exists the relation: L—wv.T,, where T signi- 
fies the real wave-period. Further, according to the general 
wave theory: 


18,430 


2 
£=512.4= 5.12 (%) =—;=*, 


~ 


2 signifying the number of real period of the wave per minute. 

In Plate V, for periods of 3 to 11 per minute the correspond- 
ing apparent periods for different speeds up to 26 knots at 
angles of obliquity of 10 degrees, 30 degrees, 50 degrees and 
70 degrees, are shown, in order to demonstrate how these 
figures depend on the ship’s speed and the obliquity of the 
waves. The waves for these diagrams have been supposed to 
come up obliquely from behind. 

Waves coming in at an angle from ahead have not been 
especially treated, as these waves increase the apparent number 
of period, the latter fhus getting quite out of the range of the 
individual phases of big ships, which interest us more especi- 
ally. 

The curves thus obtained are interesting from different 
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points of view. We find, for instance, that with fast vessels 
and very oblique waves coming up from behind, the number of 
apparent periods of the waves will suffer such a marked de- 
crease that this number may be less than half of that of the 
real periods. 

If, for instance, the waves have 8 periods per minute, the 
apparent period at a speed of the ship of 26 knots will be at 


aa 


Angle of 20 degrees, about 4.8 per minute. 
Angle of 30 degrees, about 2.4 per minute. 
Angle of 40 degrees, about 2.1 per minute. 


Now, if the individual periods of oscillation of the vessel 
coincide with one of these values considerable rolling would 
be likely to ensue on account of resonance. 

This will also explain the well-known fact that the big fast 
liners (including the Cunarders), though their individual 
period of oscillation is very low, and sometimes even below 3 
per minute, will roll severely in comparatively short waves, 
coming in at an angle from behind. 

In general it seems to appear from the curves that nearly 
every ship, in consequence of her speed, and, notwithstanding 
her period, may, under certain circumstances, have to deal with 
conditions where the impulses of waves and her individual 
oscillations synchronize, and thus cause her to roll. The re- 
quirements for this to happen are naturally very different. 

In order to obtain a better idea of the heeling action of 
oblique waves upon a ship, graphic researches assuming actual 
wave slopes of 8 degrees to 9 degrees have been made, with 
the result that for big ships it seems hardly necessary for cal- 
culation purposes to go beyond a maximum theoretical slope 
of a=2 degrees to 3 degrees. This is confirmed by a num- 
ber of practical observations (see rolling diagrams of S.S. 
Y piranga and Corcovado), from which it results that an in- 
crement of rolling of 5 degrees to 6 degrees for one double 
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oscillation, corresponding to a theoretical slope of 2 degrees 
to 2.5 degrees, is to be met with but rarely. 

For the relation between the increments of rolling and the 
wave slope, see Appendix I. 








This small theoretical slope is to be explained by the fact 
that, in consequence of their irregular shape, the waves, even 
if coming in athwartship, will strike big ships only partially, 
For waves coming up obliquely from behind the theoretical 
slope will be still less. 














MINNESOTA'S TIME-FIRING DEVICE. 


THE MINNESOTA’S TIME-FIRING DEVICE MADE 
ON BOARD SHIP. 


_ By Ligutenant Joun J. Hytanp, U. S. N., MEMBER. 


The following description applies to the Lobitz time-firing 
device, as designed by Machinist Henry Lobitz, U. S. Navy. 
The device was made and installed by the ship’s force on board 
the Minnesota. 

Referring to the accompanying figure, there is a small 
leather-bound friction wheel, 214 inches diameter, placed on a 
shaft driven from the main-engine revolution-indicator gear. 
The wheel is driven through worm gearing proportioned to 
give one revolution of the wheel for two hundred revolutions 
of the main engine. 

The friction wheel makes contact with the face of and drives 
an 18-inch disc as shown. ‘The friction wheel is loosely 
mounted on its shaft, with a sliding feather for driving it and 
with an adjusting screw for varying its distance from the 
center of the disc. The pressure between the face of disc and 
circumference of friction wheel can be varied by an adjusting 
nut at the center of the disc. This nut has a ball-bearing under 
it to lessen friction. 

GONG SIGNALS. 


The circumference of the disc carries four lugs spaced 90 
degrees apart. These lugs carry one, two, three and four 
teeth, respectively. As the disc revolves each tooth in turn 
engages the contact maker, shown at the right in the figure, 
and closes a circuit leading to an electric gong in each fireroom. 
The gongs are thus made to strike one, two, three and four 
times at regular intervals, the length of the intervals depending 
upon, first, the speed of the main engines, and, second, on the 
distance of the friction wheel from the center of the disc. 
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The index plate at the right indicates the proper setting of 
the friction wheel for any firing interval that may be desired. 


VISUAL SIGNALS. 


On the shaft of the rotating disc there is a 6-inch hard- 
rubber disc with, first, a copper ring, and, second, four seg- 
ments of a copper ring at equal intervals around its circum- 
ference. 

On the friction disc there is a carbon holder which rides over 
the copper ring and the segment. Each segment is wired to a 
lamp in a light box placed in each fireroom, the light box hav- 
ing the figures 1, 2, 3, 4.0n it. When the gong strikes one, the 
figure one is lighted up in the light box—2 gongs; No. 2, lights 
up, and so on. 

The advantages of this firing device are: 

1. The timing is mechanical and depends upon the speed of 
the engine. The device is so designed that if a three-minute 
firing interval is needed for 10 knots, and if the speed is in- 
creased or decreased, as in maneuvering, the firing interval will 
automatically increase or decrease in the correct proportion to 
maintain the speed. 

2. The device is positive, and by the use of a small constant- 
speed motor, can be rigged up for use in port if desired. 

3. It is very simple, is easily adjusted or repaired by the 
force on watch. 

4. This device has been in use on the Minnesota for the past 
sixteen months, has proved absolutely reliable and has needed 
no repairs. 

The whole device with the exception of the electric gongs 
was made on board in the machine shop under Mr. Lobitz’s 
direction. The cost of the six electric gongs was $45.00. The 
light boxes were cast in the ship’s foundry. 

The total weight of the device—six gongs, light boxes, wir- 
ing, conduit, etc., is about 200 to 300 pounds. The weight of 
the device alone is probably 50 to 75 pounds. 





















THE DELAWARE AS A CRUISER BATTLESHIP. 


SOME REMARKS ON THE DELAWARE 
CRUISER BATTLESHIP. 


3y LIEUTENANT COMMANDER H. B. Price, U. S. N., 
MEMBER. 


Notre.—The recent remarkable performance of the Dela- 
ware makes the following account, prepared by her chief en- 
gineer, at the request of the editor of the JoURNAL, of very 
special interest to our readers. It is needless to remark that 
no small share of the credit for this performance belongs to 
Lieutenant Commander Price.—Ep1rTor. 

There having been some press comment on the recent full- 
power trials of the Delaware, which immediately followed a 





run to Valparaiso and return, brief mention of a few points 
in this connection may be of interest. 

In the first place, evidently the ship and her machinery were, 
on the whole, well designed and well built. At all speeds, in- 
cluding the highest, the Delaware slips easily through the 
water, making only a very small wave, and with almost entire 
absence of vibration. 

The hull structure gives a good, rigid support for the en- 
gines, evidenced by the fact that, although when coming up the 
Eastern coast of South America she struck some heavy storms 
with very rough seas, giving the ship about as much rack and 
strain as she is ever likely to experience, there were no warm 
bearings either then or during the subsequent full-power runs. 

Having been ordered from Guantanamo Bay to Hampton 
Roads entirely unexpectedly, to convey to Valparaiso the 
remains of the late Chilean Minister to the United States, the 
Delaware \eft Hampton Roads on this mission January 31, 
1911. 

The run of 4,918 miles to Rio de Janeiro was made at an 
average speed of 12.92 knots, using 1,922 tons Pocahontas 
coal. Reached Rio February 16, and left there February 22, 
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1911. Made the run of 3,832 miles from Rio to Valparaiso 
at an average speed of 11.18 knots, using 1,293 tons of Car- 
diff coal. This coal, obtained at Rio, was bad, having much 
refractory clinker that stuck to the grate bars, often causing 
them to be dislodged in the effort to loosen it, and often form- 
ing solid pieces so large that they could not be gotten out of 
the furnace doors until broken up within. This was very hard 
on the fireroom force; but was good drill for them, making 
ordinary firing with standard Navy coal seem easy. On this 
run a stop of two and one-half days was made at Sandy 
Point, to exchange visits of courtesy with the Chilean civil 
and naval authorities. 

Ten days were spent in Valparaiso harbor, and the ship 
left for home the evening of March 21, 1911. A stop of 
fifteen hours was made at Sandy Point to obtain fresh pro- 
visions. Made the run of 4,012 miles from Valparaiso to 
Rio at an average speed of 12.82 knots, using 1,493 tons of 
very good quality Cardiff coal obtained in Valparaiso. 

Stopped at Rio April 4 to 10. Made the run of 4,793 miles 
to Boston at an average speed of 12.5 knots, using 1,956 tons 
of good quality Cardiff coal obtained at Rio. 

As the ship was to have several weeks of quiet after reach- 
ing New York, it was proposed to run full power for a few 
hours on April 24, two days before arrival, to see by trial 
what bearings had best be overhauled. But on the morning 
of April 24 there was a storm with a very heavy head wind 
and sea, which it would have been unwise to run into at high 
speed. So the proposed trial was not run. The next day, the 
weather having improved, two extra boilers were lighted, mak- 
ing ten out of fourteen in use, and the blowers were put on to 
hold an air pressure of 1.9 inches of water in the three fire- 
rooms in use. The ship ran thus for two and a quarter hours, at 
a speed of 20.07 knots by revolutions, the engines developing 
19,000 ILH.P. This run was made with throttles and stops 
wide open, the steam consumption being adjusted to steam 
production by linking up. 

The bearings all ran nicely. The distances above given are 
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calculated from revolutions of main engines, so that they are 
the actual distances and speeds through the water, thus elim- 
inating considerations of effects of currents, etc. Off the 
coast of- Uruguay a severe storm was encountered necessi- 
tating deviation from the direct course for about half a day, 
to avoid danger to the steam launches from seas breaking 
aboard. Even that weather, however, would not have seri- 
ously interfered with the working of turret guns; and there 
was practically no racing or racking of the engines. 

The Delaware had orders to dock at Boston immediately 
upon arrival and then go to the New York yard for a month, 
to have some minor changes in quarters, etc., made in prepara- 
tion for attending the coronation ceremonies. No one on 
board had any intimation of a change in these plans until 
about 5:00 A. M., April 26, when a wireless message was re- 
ceived, directing that, if feasible, the Delaware coal at once 
and immediately proceed on a four-hour full-power trial, fol- 
lowed continuously by a twenty-hour full-speed endurance 
run. The ship entered Boston harbor at high tide that fore- 
noon, anchoring about 10:30. Four coal lighters were im- 
mediately put alongside, coaling gear was rigged, and during 
the afternoon the ship took 998 tons of ordinary run-of-the- 
mine coal. Anticipating docking, the reserve feed tanks were 
nearly empty, and the evaporator plant was secured for scaling 
and overhauling. Fresh water was requested of the Navy 
Yard; but about the middle of the afternoon it was ascer- 
tained that the Boston Yard had no water barge and could 
give the ship no water. The four evaporators were started, 
and made about 90 tons fresh water, which was enough for 
the trials and subsequent high-speed standardization runs. 

The ship was in Boston harbor 224 hours, leaving next 
morning, April 27, at 9:00 A. M.—as early as the tide would 
serve. During this time, no examination or adjustment what- 
ever was made about the main engines or auxiliaries, ex- 
cept the ash expellers. The men not coaling ship concen- 
trated their efforts on cleaning fire sides of boilers and getting 
ash expellers in working order. It was necessary to keep 
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fires in two boilers for auxiliaries and evaporators, so they 
could not be well cleaned. The men, except those on auxiliary 
watch, were given a chance for an uninterrupted night’s sleep. 

The ship left Boston harbor under six boilers, the cleaning 
of the other eight being still in progress. These were lighted 
as they were ready, and by 2:42 P. M. all fires were built up 
heavy and the full-power trial was begun, with the engines 
running 128 revolutions. This was soon improved, as fires 
were green at the start, and the average for the four hours 
was 131.02 R.p.m. There is no definitely established point 
that high on the ship's official speed-revolution curve; but it 
gives a speed of about 21:85 knots average for the four hours. 
The run was continued, with 2 inches air pressure in the 
firerooms, for twenty hours more. 

The average speed for the twenty-four hours was 21.32 
knots by the last official curve. 

The contract speed of the Delaware was 21 knots. This 
performance seems satisfactory, as it represented strictly 
service conditions, the orders for a full-speed run having come 
as an entire surprise to everybody, when it was expected that 
the ship would dock in accordance with orders already on 
board. 

There had been no opportunity to clean the water sides of 
boilers since leaving Norfolk in January; yet the boilers 
steamed freely, and for much of the time the forced-draft 
blowers were run below full speed to avoid having more than 
the allowed air pressure in the firerooms. 

No special preparation has at any time been used in the 
boilers. Water from each steaming boiler is tested every 
morning for salt and acid, and lime water is used to preserve 
a slight alkalinity. 

There was not a single hot bearing or any derangement of 
main engines or auxiliaries during these full-speed trials and 
the standardization runs, which followed. 

On the conclusion of the twenty-four-hour endurance run 
the ship slowed down to clean fires well while entering Penob- 
scot Bay. This done, she at once proceeded with the high- 
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speed standardization runs over the Rockland course. Though 
the depth there is from 45 to 80 fathoms, the engines would 
make only 130 revolutions with everything wide open and 
safety valves lifting, while at sea during the full-power run, 
they made 132 revolutions under the same conditions. 

The men stood a watch in three, and there was one fireman 
and one coal passer for each pair of furnaces, as in ordinary 
cruising—half the number employed by the contractors on 
their full-speed trial of the ship. The firing timing device— 
which is habitually used on the Delaware—was set at one 
minute and thirty seconds; and this rate required 7 to 8 
shovels of coal per charge. Furnaces were fired and raked 
alternately, as is customary. 

After twelve hours’ steaming the customary routine cleaning 
of fires was begun; that is, cleaning one fire in each boiler 
per watch, or a total of fourteen per watch. Considerable 
speed was lost by failure to begin cleaning fires at least four 
hours earlier. They were very dirty, and it was necessary to 
haul everything out of each furnace cleaned. 

No fuel oil was burned during these full-speed runs, as it 
did not seem needful, and it was thought better to run the 
trials burning coal only as a comparative demonstration of 
the ship’s steaming capability. 

The Delaware has burned oil under varying conditions, in- 
cluding a full-speed run of four hours, two days’ steaming in 
fleet during maneuvers, burning oil only; has used it during 
the target-practice period to effect the quick changes of steam 
generation then wanted, without loss; has burned oil in con- 
junction with coal; has burned oil only, in port, for several 
months. Full reports have been made to the Navy Department 
relative to oil burning under various conditions. 

There were several things contributory to this comparatively 
successful steaming of the Delaware. In the first place, as 
stated above, machinery and ship are well designed and well 
built. The forced-lubrication system on the main engines 
saves the bearings from wear if they are kept reasonably 


well adjusted. This is the great military advantage of forced 
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lubrication. Saving of oil is a secondary matter, as any 
ship can easily carry comparatively large amounts of lubri- 
cating oil. 

On the Delaware, the lubricating-oil economy is not marked, 
and at full speeds there is much waste of oil, which will be 
improved upon. But the economy in the wear of bearings, and 
the consequent general readiness and reliability of the ship 
for service, is very marked. 

In the harbors of Rio and Valparaiso, such needed adjust- 
ments and overhaulings were done as was compatible with the 
crew’s liberty ashore. It may be stated, both as to machinery 
and to personnel, that the Delaware has been very free from 
any slackness and from any friction. The men all have a 
pride in their ship and an interest in their work, and in that 
lies a big element of successful accomplishment. A co-ordi- 
nation of effort, a spirit of mutual helpfulness and considera- 
tion of one another’s problems and difficulties, a careful adapt- 
ation of routine, among officers and men of all departments, is 
a very real element of military efficiency. 

During the three months of this South American voyage, 
the only thing bought in the way of machinery supplies was a 
few 4-inch rivets, which were found to be unfit to use. Some 
fresh water was bought in Rio, because it was convenient and 
it was cheaper to buy it than to use 50-shilling coal to distill it. 
The only other items of purchase were coal and provisions. 

The Delaware is fitted to carry an ample supply of lubri- 
cating oil for a cruise around the world without renewal. 

Her foundry and machine shop, copper shop and _ black- 
smith shop, have been able to do all the ordinary work requisite 
to make the ship self-supporting in the matter of repairs. A 
fuel-oil forge is used for the heavier work in copper and black- 
smith shops. The foundry uses fuel oil, of course. It has 
made castings of iron, brass, composition, aluminum, Babbit 
metal, and solder. 

The Delaware is fortunate in having an excellent crew of 
men who like their ship, including men skilled in nearly every 
trade. 
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DISCUSSION. 


AMERICAN PRACTICE IN USING SUPERHEATED 
STEAM. 


CuiEF ENGINEER W. J. A. LONDON, oF THE TERRY STEAM 
TURBINE Co. 


With reference to Captain Carr’s paper in regard to 
American practice in using superheated steam, the writer 
is particularly interested in the conclusions arrived at to the 
effect that the highest overall efficiency in steam turbine work 
is obtained somewhere in the neighborhood of 150 degrees. 
Some years ago the writer made an investigation on this same 
question as to the probable advantages of using superheated 
steam to the extent that is now employed in Europe, and 
plotted down a curve which I enclose herewith; first showing 
the percentage gained in steam consumption per degree of 
superheat. This was taken from a Parsons turbine. The 
total heat in B.T.U. was then plotted as taken from Knoub- 
laugh & Jakob’s tables. I then obtained a point of maximum 
efficiency at 200 degrees. It appeared to me obvious that 
there should be more depreciation in a superheated steam plant 
than when using saturated steam, but how much this depre- 
ciation was is, of course, a very questionable factor. After 
talking with several engineers and authorities on the subject, 
we decided that the smallest figure we could use was 1 per 
cent. per 100 degrees. Again deducting this from the overall 
efficiency curve we get a point of maximum efficiency around 
about 180 degrees. If, however, this depreciation is higher 
than 1 per cent, this will bring this point lower. Also the fact 
must be taken into account that it is practicable to obtain a 
certain amount of superheat with practically no additional 
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coal consumption, so taking it all around, the curve as plotted 
would seem to confirm the general opinion that 150 degrees is 
about as high as it is commercially economical to go. 


DISCUSSION. 
THE MARINE-TYPE LE BLANC AIR PUMP. 
By Cart, GEORGE DE LAVAL, ASSOCIATE. 


The interesting article under the above title contained in 
the JourRNAL, Vol. XXIII, No. 1, of February, 1911, by Lieut. 
W. W. Smith, U. S. Navy, sets forth opinions relative to the 
economy resulting from high vacuum and gives data concern- 
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ing three installations, two of which are actual performances 
on the Chester and Salem, of vacuum machinery which was 
built six years ago. The third is an assumed performance of 
the Le Blanc air pump, such as the one building for the U. S. 
S. Neptune, a collier not yet in commission. 

Such conclusions cannot be considered reliable when drawn 
from performances, two actual and one assumed, the latter 
based upon shore practice of the type of vacuum pump re- 
ferred to and known as the Le Blanc and of which shore prac- 
tice has really no direct bearing upon the results that may be 
obtained from such an equipment if installed on board ship. 
The details as given under the Le Blanc are so minutely fig- 
ured out that it would appear to the casual observer that they 
are from actual performances, and they also appear to be put 
forth with the idea of drawing attention to the assumed superi- 
ority of the Le Blanc type of air pump in comparison with the 
others. For this purpose it is not out of the way to call atten- 
tion to the various irregularities in the comparison of the steam 
economy and weight of the Le Blanc air pump with augmenter 
and twin pumps on the Chester and the dry-vacuum pumps on 
the Salem. 

The writer hopes some day to be able to show and describe 
a superior equipment to them all, which may be in use in the 
near future for marine service. 

In the tables as given by the author, the basis of assumption 
of the percentage of ideal vacuum as mentioned in Table 1, 
lines 1 to 7, is incorrect. It is based only on the discharge 
temperature of the circulating water and the vacuum measured 
only at the air pump without regard to the temperature of the 
air suction from the condenser, of the cold water entering the 
Le Blanc pump, or of the jacket water supplied to the rotative 
dry-vacuum pump, all of which control and limit the vacuum. 

While it is not possible to obtain at the exhaust inlet of a 
surface condenser a vacuum in excess of that corresponding 
to the temperature of the discharge of circulating water, a 
higher vacuum may be obtained at the air pump, and to obtain 
such a higher vacuum at the pump it is necessary only to re- 
40 














610 DISCUSSION. 





strict the air-pump suction line, making it smaller, or obstruct- 
ing same by sharp turns in valves or in such an air-suction 
check valve as is shown on page 51. 

This may readily be shown by assuming an increased fric- 
tional resistance in the air-pump suction line. Assuming in 
the Le Blanc test that the discharge circulating temperature 
is 80 degrees as per Table No. 1, line No. 1, this temperature 
corresponding to an ideal vacuum of 28.98 inches as per line 
No. 5, we will assume such increased friction in the air-pump 
suction line such that Le Blanc pump, supplied with salt water 
at 65 degrees and with a temperature difference of 5 degrees, 
as per Table No. 1, line No. 5, would maintain within itself a 
vacuum corresponding to 70 degrees or 29.27 inches. Compar- 
ing this with the ideal vacuum of 28.98 inches, as per line No. 
5, the pump would then be figured as maintaining 102 per cent. 
of the ideal vacuum. 

Evidently to obtain a correct idea of the work done by the 
several pumps other data must be taken into consideration. 
Large, free, open-suction pipes must be used, or losses given, 
and the vacuum for comparison to the ideal as determined by 
the discharge circulating water and other data must be meas- 
ured by mercury column at exhaust inlet to the condenser, and 
not taken at the air pump, as recorded by Lieutenant Smith. 

Had such an obstruction as mentioned been placed in the air- 
pump suction line or were same restricted, and thus a higher 
vacuum maintained at the pump than in the condenser, Lieu- 
tenant Smith’s method of figuring would show instead of 720 
pounds of steam chargeable to the Le Blanc air pump in Table 
No. 1, line 10, a minus quantity, or the pump would figure out 
as actually supplying steam to the boilers instead of consum- 
ing it. 

The ideal vacuum maintainable by an air pump of the twin- 
beam type as used on the Chester depends upon the tempera- 
ture of the air, vapor and water of condensation reaching it. 
In a rotative dry-vacuum pump such as used on the Salem it 
depends upon the temperature of the air suction and the tem- 
perature of the jacket water surrounding the air cylinder. In 











DISCUSSION. 611 






the Le Blanc it depends on the temperature of the sea suc- 
tion supplied to the pump. None of these temperatures are 
given by Lieutenant Smith. The dry-vacuum pump on the 
Salem is apparently working under the hardest conditions in 
these comparative readings, as we may judge from the circu- 

































lating-water discharge temperature being 7 degrees higher 
than that of the Le Blanc unit, that the circulating suction was 
also higher, and therefore the degree of temperature to which 
the air cooler in surface condenser could reduce the tempera- 
ture of the air suction to this pump was also limited. The 
forementioned conditions, wherein a percentage of 102 per 
ent. of the ideal may be figured, conclusively proves that the 
percentage of ideal vacuum cannot be measured by a simple 
relation of vacuum reading at the air pump and temperature 
of discharge water, but must take into consideration the other 
data previously mentioned. 

Lieutenant Smith does not state whether vacuum was meas- 
ured by spring gage or mercury column. Such readings in 
competitive tests should always be measured by a full-length 
mercury-column gage. 

The temperatures, percentages, etc., as covered in table No. 
1 are figured very finely, as though from an actual test, although 
Lieutenant Smith does not mention the name of the vessel in 
which the tested Le Blanc pump is installed. 

This Table No. 1 shows the steam used by the air pump per 
thousand pounds of steam consumed by the turbine on line 
No. 13 as follows: Augmenter-type pump, 27.6; dry-vacuum 
pump, 16.75; Le Blanc type, 25. In line No. 14 the total steam 
chargeable to the air pump figured upon a steam-consumption 
increase of 4 per cent. per inch loss in vacuum below ideal, 
as figured from comparison of vacuum maintained at air pump 
to temperature of discharge water, but for which, as previously 
mentioned, no supporting data is given to warrant the charging 
of a larger increased steam consumption for the Chester and 
Salem compared to the Le Blanc units. Nevertheless, these 
figures still show a total quantity of steam chargeable to the 
air pump as 42.5 pounds for the augmenter-type installation 
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on the Chester, 25.6 for the dry-vacuum pump unit upon the 
Salem, and 32.2 pounds for the Le Blanc unit. This gives a 
relative steam consumption as shown upon line No. 15 of .795 
pound for the Salem, 1.32 for the Chester, and 1 for the Le 
Blanc. These results show the steam consumption of the dry- 
vacuum pump together with the steam chargeable to same by 
Lieutenant Smith’s method of figuring as not quite 80 per cent. 
of the steam consumption of a similarly installed Le Blanc 
unit. Having thus failed to make a case for the Le Blanc unit, 
Lieutenant Smith assumes in Table 2 that a Le Blanc pump 
of two-thirds the capacity and steam consumption of that in 
Table No. 1 will do exactly the same work, thus giving 1.21 
pounds for the Salem, 1.46 pounds for the augmenter unit 
upon the Chester, to 1 pound for the Le Blanc, but as his 
conclusion is apparently not based on facts derived from 
actual test, his figures cannot be accepted as indicative of what 
may be expected under such conditions. 

The comparison of weights indicated in Tabie No. 1, lines 
16, 17 and 18, is not a fair comparison when the total installa- 
tion is considered, as it omits from the calculation the extra 
weight of the water pipes required for the Le Blanc unit and 
also the weight of the water contained in the Le Blanc pump 
and in the connecting piping. 


LIEUTENANT SMITH'S REPLY. 

Referring to Table I, second and fourth lines, the “ air 
pump vacuum” referred to is the vacuum maintained at the 
inlet of the condenser. Being the actual vacuum maintained 
by the air pump, it was so called to distinguish it from the 
ideal vacuum corresponding to the temperature of the dis- 
charge water. While the “casual observer” might under- 
stand that this reading was taken at the suction of the air 
pump, it is inconceivable that one who has carefully read 
the text and studied the tables could fail to grasp the correct 
and obvious meaning. In view of this erroneous assumption 
in the discussion, it is not necessary to point out the absurdity 








DISCUSSION. 613 





























of the assumed condition where the air pump maintains 102 
per cent. of the ideal vacuum and supplies steam to the boileis. 

Referring to paragraph twelve of the discussion, a careful 
reading of the text on page 59 in connection with Table I 
will show why the “increased steam consumptions” (items 10) 
for the Chester and Salem are so much larger than that for 
the Leblanc. It will be seen that item 10 — item 9 * item 6 
x item 8. As items 8 for the Chester and Salem are over 
2% times that for the Leblanc, it is apparent that items 10 
for the Chester and Salem will naturally be much larger 
than that for the Leblanc. It is evident that these values 
are not comparable, and it was not intended that they should 
be. ‘To compare the steam consumptions it is necessary to 
reduce them to unit values, and where comparison was made 
(items 13 and 14) this was done. To make this clear, sup- 
pose item 6, the difference between the ideal and actual 
vacuum, had been 1 inch for all three outfits. Then item 10 
would have been, for the Chester 11,300; for the Salem 
10,200; and for the Leblanc only 4,000. Still, when reduced 
to unit values, it is clear that items 10 become the same in 
each case or 40—+.¢., item 10 ~ item 8 * 1,000. Item 11 
was obtained from test data, as explained ; item 12 = item 10 
+ item 11; item 13 — item 11 + item 8 X 1,000; and item 
14 = item 12 ~ item 8 1,000. From the above it is 
obvious that the increased steam consumptions (items 10) 
and the steam chargeable to the air pumps (items 14) are 
correct, and that the assertion that “no supporting data is 
given to warrant the charging of a larger increased steam 
consumption for the Chester and Salem compared to the 
Leblanc units’’ is incorrect. 

The additional weights of piping, foundations, etc., should 
be considered, of course. For like installations, weights of 
piping and foundations for the Augmenter and Leblanc types 
will probably be about the same; for the dry-air type, similar 
to the one installed on the Salem, these weights will probably 
be considerably more, because of the additional piping and 
foundations required for two separate units—one being of 
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considerable size. However, I do not believe these addi- 
tional weights will materially change the relative values of 
the weights given. 

The size or capacity of the air pump depends on the quan- 
tity of air leakage it is required to withdraw, and if the latter 
is known the former is determined. As reliable data were 
not available, the probable quantity of air leakage for a naval 
turbine installation of a given power could not be determined 
with sufficient accuracy; and, to be certain of not under- 
estimating, it was deemed advisable to assume a value well 
in excess of the probable, which naturally gave the propor- 
tionately larger pump given in Table I. The quantity of air 
leakage will, of course, depend on the installation and its 
condition. |The construction and service condition of an 
average naval turbine installation is such that the air leakage 
is probably about the same as that of the best class of shore 
installations fitted with surface condensers. In view of the 
above, and considering, as stated in the text, that it is the 
standard practice of a European firm, which has had con- 
siderable experience and success with the Leblanc pump, to 
use a pump one-third smaller than the one given in Table I, 
it is not unreasonable to expect that the smaller pump will 
have ample capacity; also, it is reasonable to assume that a 
large size will not be used when a smaller will suffice; and 
that the small size approximates the standard practice of 
the future. As the probable values for future practice are of 
even more importance than these for the particular unit given 
in Table I, it was considered desirable to present the data 
for the smaller size as given in Table II. It was not asserted 
that the smaller pump will do exactly the same work as the 
larger—for this is an absurdity. It should be apparent that 
the air leakage for the smaller pump must necessarily be 
smaller in proportion to the reduction of capacity. 

Surely the results obtained in land installations of the 
Leblanc pump have a close relationship to its performance on 
board ship, for the construction is almost identical. We may 
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say that the air pump does not know whether it is afloat or 
ashore, provided the conditions are the same. 





























Mercury columns were used to measure the vacuum for the 
Leblanc tests, on the Salem, and, I believe, on the Chester. 

The air-pump suction (piping and valves) is not restricted, 
as the reader may infer. The design provides for a short 
direct connection of ample area, so that the difference in 
vacuum between the condenser and air pump is necessarily 
small—less than 1/20 inch of mercury, estimated. Supposing 
its area were too small, it would be a very simple matter to 
provide a larger connection of ample area. It may be in- 
teresting to know that when the air suction is closed, and 
therefore when no air is being pumped, the pump will maintain 
in its air suction the ideal vacuum corresponding to the tem- 
I perature of the water passing through it. (This is one of the 
test requirements which every pump must meet.) If the 
temperature of the water were 65 degrees, as taken in the 
discussion, the vacuum in the air pump would be the ideal or 
29.377 (referred to 30-inch barometer ). 

Complete data for the outfits on the Chester and Salem 
were not available, the data being obtained from general 
trials, and not from special tests of the condensing plants. 
Attention is again invited to the text, where it is plainly stated 
that the data were insufficient, and the comparisons only ap- 
proximate. It should therefore be clear to the reader that 
it was not intended otherwise, as implied in the discussion. 
It would indeed be interesting and instructive to have complete 
data of tests of the three types, made under the same condi- 
tions so that accurate comparison could be made; and it is 
hoped that such tests will be made and published. 

While the performance of a single unit may give charac- 
teristic results, still there may be some eccentricity of the 
unit or test that will cause the results to be better or worse 
than the characteristic or average results obtained with a 
number of similar units; and it is therefore generally ad- 
mitted that the average performance of a number of similar 
units is more reliable as indicative of the characteristic per- 
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formance than that of one particular unit. The data for the 
Leblanc pump were obtained from a number of tests made 
solely to determine the performances of the condensing plants, 
and particularly the air pumps. Having observed many tests 
on these units, I have no doubt as to the accuracy and relia- 
bility of the data. To be reasonably safe in predicting a good 
average performance for marine units, the assumptions were 
conservative ; in fact, most of the test and service performances 
are better than the ones assumed. It is therefore reasonable 
to believe that the performances assumed are fairly close and 
conservative approximations to the results that will be obtained 
with marine units. The reader may infer from the discussion 
that the performance data given for the Leblanc pump were 
not based upon actual performances. This is entirely incor- 
rect, as is apparent from the above. 

In making comparisons of this nature, where complete data 
are not available, some values have to be assumed, and, ob- 
viously, they are not minutely accurate and absolutely reliable ; 
but it is believed that the results given are not far in error, 
and that they are sufficiently accurate for the approximate 
comparisons made. As made clear in the text, it was not 
expected that the results would be accepted as absolutely 
correct and conclusive. It was considered instructive and 
desirable to set forth the relative qualities of the three types 
in a general way only. 














AUSTRALIAN NAVY. 


It is announced in connection with the Australian Navy 
that a Naval Board has been established at Melbourne, of 
which the Minister of Defence will be president and Captain 
Cresswell, Director of the Commonwealth Naval Forces, pro- 
moted to be Rear Admiral, will be senior member. 

Admiral Sir Reginald Henderson, who has been inspecting 
the harbor and other defences of Australia, has presented his 
report. The fleet, which is to be completed within twenty- 
two years, will cost in all £23,000,000, with a personnel of 
15,000 men. Sir Reginald Henderson recommends that naval 
construction shall be divided into quinquennial eras. 

The fleet will consist of eight armored and ten protected 
cruisers, eighteen destroyers, and twelve submarines. 

Admiral Henderson recommends the Commonwealth, either 
by the establishment of Government workshops or by the en- 
couragement of private enterprize, to build up the plant and 
power necessary to manufacture ammunition, ordnance and 
shipbuilding materials, progressing gradually until all requi- 
sites, including the largest guns, can be manufactured in 
Australia.—“ Page’s Weekly.” 


BRITISH NAVY ESTIMATES. 


The Navy Estimates for 1911-12 show a total of £44,392,- 
500. Provision is made for an increase of 3,000 men, raising 
the total personnel to 134,000. New construction will include 
five Dreadnoughts, four smaller cruisers, twenty destroyers, 
and six submarines. 

New construction will cost £15,063,877, as against £13,- 
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279,830 for 1910-11. Of this amount £13,325,232 will be 
spent on the continuation of work on the ships already under 






























. construction, and £1,738,645 for beginning work on ships of 

the new program, which is composed as follows: five large ar- 

| ; mored ships, three protected cruisers, one unarmored cruiser, 

twenty destroyers, six submarines, two river gunboats, a depot 

ship for destroyers, and a hospital ship. Between April 1st, 

1910, and March 31st, 1911, the following ships will have 

been completed and become available for service: One battle- 

; ship, Neptune; one armored cruiser, [ndefatigable; five pro- 

tected cruisers, Bristol, Glasgow, Gloucester, Liverpool and 

Newcastle; one unarmored cruiser, the Blanche; three subma- 

| rines, C33, C34 and D2; and the following twenty-eight tor- 

pedo-boat destroyers: Viking, Beagle, Bulldog, Foxhound, 

Tt Grasshopper, Mosquito, Scorpion, Renard, Wolverine, Racoon, 

t Harpy, Basilisk, Savage, Pincher, Rattlesnake, Scourge, Acorn, 

Chameleon, Lyra, Redpole, Comet, Larne, Goldfinch, Alarm, 
Rifleman, Hope, Nemesis and Martin. 


ADMIRALTY NOTES ON WORK DONE. 


Ordnance, Fleet-Coaling Service, New Construction, Ma- 
chinery and Boilers, etc. 


The following abstract is from the record of work done, 
appended by the First Lord of the Admiralty to his statement 
explanatory of the Navy Estimates: 


. ORDNANCE. 


Guns.—The manufacture of guns is proceeding at a suff- 
cient rate to meet the requirements for ships building. 
Ammunition.—The authorized reserves of ammunition have 
been fully maintained. 
Advance continues to be made in designs of all natures of 
projectiles. 
Cordite.—Certain difficulties which arose in connection with 
the supply of cordite early in the year have been overcome. 























NOTES. 619 


Small Arms.—Short rifles have been supplied to the Royal 
Marines on shore and to Royal Marines afloat in the Home, 
Atlantic and Mediterranean Fleets. It is expected that com- 
plete supply to the Royal Marines afloat will be made during 
the financial year 1911-12. 

The older marks of short rifles are being brought up to date 
as far as possible to include the improvements embodied in the 
latest pattern rifle. 

Gun Machinery.—The manufacture of the 13.5-inch gun 
machinery for the Orion and Lion classes has proceeded sat- 
isfactorily during the past year, and it is anticipated that the 
turrets for Orion and Lion will be in position in the ships 
before the end of the present financial year. The trials of the 
first mountings have taken place with satisfactory results. 

Hand-worked Mountings.—The mechanism of hand-worked 
mountings has been progressively developed towards obtaining 
increased rate of fire and economy of labor. 

Gunnery Practices —The rules for the annual tests of gun- 
layers were revised at the beginning of 1910, and have proved 
to be an advance on those previously in force. The rules for 
1911 have been amended in some particulars, the same general 
principles being retained. 

Torpedoes.—Satisfactory progress has been made in the 
supply to the fleet of the improved torpedo referred to last 
year. 

Wireless Telegraphy.—Several small improvements have 
been made in the wireless apparatus of ships, which has led 
to increased efficiency. 

Additional shore stations have been commenced and should 
be completed by next autumn. 

Inspection and Proof.—The inspection of ordnance stores 
carried out at contractors’ works is proceeding in accordance 
with arrangements which have been made, and considerable 
advantages are anticipated on the completion of the testing 
house, which is in course of erection at Sheffield. 

Ordnance and Torpedo Depots.—The torpedo factory at 
Greenock has been opened and the work of manufacture has 
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begun. The factory at Woolwich will be closed on the 31st 
March, 1911. 


FLEET-COALING SERVICE. 


Progress continues to be made in improving and adding to 
the facilities for coaling the fleet with despatch and economy. 

Considerable progress has been made in connection with the 
coaling scheme on shore at Devonport, and the machinery 
should be installed and in full working order during the course 
of 1911. 

Two large hulks, each of about 10,000 tons, are also being 
equipped with modern coal-handling appliances, and will be 
available for service early in the year. 

The colliers specially engaged by the Admiralty on con- 
tinuous charter have proved very suitable for fleet work, and 
some excellent coaling performances have been made by H.M. 
ships in coaling from them. 

Oil Fuel and Petrol.—Additions have been and are being 
made to the Admiralty tank installations for the storage 
of oil fuel and petrol to meet the growing expenditure of these 
fuels in the Navy. 

The new fleet auxiliary (S.S. Burma) for the conveyance 
of oil fuel to the fleet is expected to be ready.for service early 
in 1911-12. 

The new petrol carrier Royal Fleet Auxiliary /sla has been 
employed in attendance on the submarine flotillas throughout 
the year, and has rendered valuable service. 


NEW CONSTRUCTION. 


The battleship Orion, which was laid down at Portsmouth 
on 29th November, 1909, was launched on the 20th August, 
1910, and the armored cruiser Lion, laid down at Devonport 
on 29th November, 1909, was launched on 6th August, 1910. 
Substantial progress has been made during the current year on 
both ships, and it is expected that they will be completed 
within a period of two years from the date of laying down. 
Good progress is also being made with the four contingent 
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ships of the 1909-10 program, the Conqueror, Monarch, 
Thunderer and Princess Royal. 

The protected cruisers Falmouth, Weymouth and Dart- 
mouth were launched on 20th September, 1910, 18th Novem- 
ber, 1910, and 14th February, 1911, respectively, and good 
progress is being made on them, as well as on the sister ship 
Yarmouth. 

The unarmored cruiser Blanche, laid down at Pembroke 
on the 12th April, 1909, has satisfactorily carried out all her 
steam trials, and is now in commission. ‘The sister ship 
Blonde, laid down on the 6th December, 1909, and launched 
on the 22d July, 1910, is now at the steam-trial stage. 

Several of the twenty destroyers of the Acorn class, ordered 
in 1909-10, have been delivered. 

Four submarine boats of the “ D” class, Nos. 3, 4, 5 and 6, 
being built by contract, are well advanced. 

Submarine boats C33 and C34, which were built and en- 
gined by Chatham Yard, were completed on the 13th August, 
1910, and 17th September, 1910, respectively, and have joined 
the submarine flotilla. The two submarine boats of “‘ D” type 
under construction at Chatham will, it is anticipated, be com- 
pleted in the early months of 1911-12. 

The following fighting vessels were provided for in the pro- 
gram for the present financial year, and orders have been 
placed for the whole of them. 




























Battleships (4). 


King Georve V. Centurion. 
Ajax. Audacious. 


Armored Cruiser (1). 
(Name not yet given.) 
Protected Cruisers (3). 


Chatham. Dublin. 
Southampton. 
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Unarmored Cruisers (2). 
Active. Amphion. 


Torpedo-Boat Destroyers (23). 


Acheron. Goshawk. 
Archer. Hind. 
Ariel. Hornet. 
Attack. Hydra. 
Badger. Jackal. 
Beaver. Lapwing. 
Defender. Lizard. 
Druid. Phoenix. 
Ferret. Sand fly. 
Forester. Tigress. 


And three others not yet named. 
Submarines (6). 


Of the foregoing vessels, the battleships King George V and 
Centurion were laid down at Portsmouth and Devonport, 
respectively, on January 16th, 1911, the Ajax was laid down 
at Messrs. Scott’s work at Greenock on February 27th, 1911, 
and preparations for building the sister ship Audacious are 
well advanced at Messrs. Cammell, Laird’s yard at Birkenhead. 
The order for the armored cruiser has been placed provi- 
sionally with Messrs. Palmer’s Shipbuilding Company. 

The two armored cruisers, Australia and New Zealand, 
for the Governments of the Commonwealth of Australia and 
New Zealand, are well advanced at the works of Messrs. John 
Brown and the Fairfield Company, respectively, and are to 
be completed in September, 1912. 

The protected cruiser Chatham was laid down at Chatham 
Yard on January 3d, 1911, and her sister vessels Dublin and 
Southampton have been ordered from Messrs. Beardmore and 
Messrs. John Brown, respectively. Two more ships of this 
class have been ordered from Messrs. Cammell, Laird and 
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the London and Glasgow Company for the Commonwealth of 
Australia, and named Melbourne and Sydney, respectively. 
Drawings and specifications have been supplied to the Can- 
adian Government for use in calling for tenders for four 
vessels of this class. 

The Active, unarmored cruiser of the improved Boadicea 
type, which was laid down at Pembroke in July, 1910, 
launched on March 14th, will be followed on the same slip 
by the sister ship Amphion. 

The twenty vessels of the new Acorn class have been or- 
dered by’ contract, and good progress is being made with 
them. The three additional vessels included in the 1910-11 
estimates have recently been ordered. 

Two submarines were laid down at Chatham Dockyard on 
February 14th, and an order for four more has been placed 
with Messrs. Vickers. ‘Two similar boats have also been 
provisionally ordered for the Australian Commonwealth. 

Fleet Auxiliaries, etc—A depot ship for submarines has 
been ordered from Messrs. Scott, of Greenock, and named 
Maidstone; and two tenders from Messrs. Cammell, Laird 
named Alccto and Adamant. 

The oil-tank steamer Burma, now being built by the Green- 
ock and Grangemouth Dock Company, is well advanced. ° 

A coastguard and fishery cruiser, to be named Watchful, 
has been ordered from Messrs. Hall, Russell & Co., of Aber- 
deen. 

Tenders are under consideration for a surveying vessel to 
replace Egeria. 

A steel water-tank and salvage vessel for submarines has 
been ordered from Messrs. Vickers for delivery during the 
financial year 1911-12. 

Orders for two floating docks have been placed provision- 
ally with Messrs. Swan, Hunter & Co. 

Tugs, Lighters, etc—The following tugs and other small 
vessels have been completed : 

Hellespont—paddle tug for Haulbowline. 

Firm—paddle tug for Sheerness. 











ee 


Ee Seg 








624 NOTES, 


Alliance—twin-screw tug for Sheerness. 

Resource—mooring steamer for Portsmouth. 

Supply and Urgent—two water-tank vessels for Plymouth 
and Sheerness, respectively. 

Two victualling lighters for Plymouth and a mooring and 
salvage lighter for Sheerness. 

One ammunition and store barge. 

One lighter for Ascension. One steam ash-hopper barge 
for Dover. 

One mooring lighter for Sheerness is in hand. 

Vessels Being Converted for Various Services ——Naiad and 
Intrepid have been completed for service as mine layers. 

Rosario is being converted into a submarine depot ship. 


MACHINERY AND BOILERS. 


All war vessels completed during the present year and at 
present under construction have been designed with water- 
tube boilers and turbine engines, the latter being either of 
the Parsons or of the Brown-Curtis type. This latter design 
was first intsalied in the second-class cruisers Bristol in asso- 
ciation with the superheaters at the boilers, and satisfactory 
results were obtained on the contractors’ trials. 

So far as can be arranged, interchangeability of the auxili- 
ary machinery and separate parts of the main machinery is 
being provided for in vessels of the same type, thus following 
previous practice. 

Additional machines have been added to the equipment of 
Assistance and Cyclops, enabling them still further to deal with 
repairs which otherwise would have required dockyard as- 
sistance. 

Magazine cooling plant has been fitted in all vessels com- 
pleted or at present under construction. 

The boilers of all armored vessels building are being fitted 
to burn oil in conjunction with coal, the full power being ob- 
tainable in these vessels by the use of coal only. Satisfactory 
full-power trials have been carried out in the second-class 
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cruisers of the Bristol class and Blanche, the boilers of which 
vessels are designed to burn oil in conjunction with coal when 
obtaining full power. 

The torpedo-boat destroyers of this year’s program are 
designed to burn oil only, and improvements have been made 
in the oil-burning fittings. 

Experiments have been made and are still in progress at 
Haslar to reduce the excessive amount of smoke produced 
when burning bituminous coal in the furnaces of water-tube 
boilers; a substantial reduction has already been effected. 

Internal-Combustion Engines.—Valuable experience with 
the oil-driven dynamo engines fitted in H.M. ships has been 
obtained, and the results are being closely watched. 

The initial difficulties experienced with the engines of motor 
boats using heavy oil are being gradually overcome. 

Small petrol or paraffin-driven motor boats have been sup- 
plied to two vessels of the destroyer class and have proved 
very useful. All new torpedo-boat destroyers will be provided 
with similar boats.—“Page’s Weekly.” 


WARRANT RANK IN THE BRITISH NAVY. 


In the course of his observations on the personnel of the 
Navy the First Lord remarks that, as the seniority of the 
artificer engineers at the head of the list rises, steps will be 
taken to increase the number of chief artificer engineers with- 
in the limits already authorized. During the last financial 
year ten artificer engineers were advanced to chief rank, an 
increase of four over the preceding year. As foreshadowed 
in 1905, the new ranks of warrant mechanician (warrant 
officer) and commissioned mechanician (commissioned war- 
rant officer) have been instituted, and five mechanicians have 
been promoted to warrant rank. Candidates for the new 
warrant rank sat for the same examination as that taken 
by candidates for the rank of artificer engineer, and the 
4! 
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result was very satisfactory. The number of warrant mecha- 
nicians will be gradually increased until a sufficient number 
has been obtained, and promotions to commissioned mecha- 
nician will be made in due course. In continuation of the 
policy of extending the opportunity of obtaining warrant 
rank beyond those classes of naval ratings to which hitherto 
this privilege has been restricted, warrant rank has now been 
introduced for the armorer and electrician branches, and the 
rank of commissioned warrant officer has also been estab- 
lished for the latter. The opportunity has also been taken 
to assimilate the service qualification for the advancement of 
electricians to the rating of chief electrician to that in force 


for engine-room artificers. 


OIL ENGINE PROPULSION. 


A great deal has been written of late about vessels, both 
large and small, driven by Diesel cil engines. As a matter of 
fact, the number of oil engines used to propel seagoing ves- 
sels probably does not as yet number more than two or three, 
and by far the largest of these is the Toiler, designed and 
built by Messrs. Swan, Hunter, Wigham Richardson, Ltd., at 
their Neptune Works, and which has recently completed a 
voyage from the Tyne to Calais and back. About twelve 
months ago, after careful investigation and consideration of 
various types of engines, oil, gas, electric, and others, Messrs. 
Swan, Hunter & Wigham Richardson, Ltd., decided to build 
a vessel suitable for special service on the Canadian Canals 
and Lakes, and to fit her with two’ sets of Diesel oil engines. 
The speed on the Canals is limited, so that engines of rela- 
tively small power were sufficient to meet the requirements 
The Toiler is a twin-screw vessel, 248 feet long, by 423 feet 
beam by 19 feet depth molded, propelled by two sets of two- 
cycle reversible Diesel engines of a combined B.H.P. of 360, 
equal to about 400 ILH.P. working at about 250 revolutions. 
These engines were supplied by the Diesel Motor Co., of 
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Stockholm, and fitted on board by Messrs. Swan, Hunter & 
Wigham Richardson, Ltd., at their Neptune Works. On her 
voyage to Calais the Toiler was loaded with 2,650 tons dead- 





























weight of coal cargo, besides about 40 tons of oil fuel, fresh 
water and stores, a total deadweight of nearly 2,700 tons 
on a mean draught of 14 feet. She left the Tyne in very 
rough weather, notwithstanding which the engines worked 
perfectly satisfactorily, and completed her voyage to Calais 
at an average speed of 5.9 knots (or 62 miles). On her 
return voyage, light in ballast, the average speed was 8.2 knots 
(or 95 miles). The consumption of oil fuel for the round 
voyage, including auxiliary compressor, was 64 tons, say, 1.65 
to 1.75 tons per day. 


FUEL ECONOMY. 


In many ways the Toiler is more economical than a steam- 
driven boat. She has a greater deadweight capacity, owing 
to the fact that the Diesel engines are much lighter than steam 
engines and boilers, the amount in this vessel being about 69 
tons: the cubic capacity for cargo is also greater, as the boiler 
space is saved, and besides the oil fuel can be carried in the 
double bottom in place of water ballast, thus saving bunker 
space. The consumption of oil is much less in weight than 
the consumption of coal for steam engines. In the Toiler 
the consumption at full speed does not exceed 1.75 tons per 
day of fuel oil of 18,000 B.T.U. calorific value, whereas with 
steam engines of equal power the consumption of coal would 
not be less than 8 tons per day. The actual difference in cost 
depends, of course, upon the relative prices of coal and oil 
in the district where the vessel may be trading. Not only is 
the economy of this vessel shown in the increased deadweight 
of cargo carried, the increased cubic capacity and the low 
fuel consumption, but the staff on board to attend to the 
Diesel engines is less than the staff required for steam en- 
gines and boilers, the engine-room staff being about the same, 
whilst firemen are not required. The deck machinery and en- 
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gine-room accessories of the Toiler are driven by compressed 
air being furnished by a compressor driven by a small Diesel 
engine. The electric light, with which the vessel is fitted, 
obtains its power from a small paraffin engine. The accom- 
modation is heated by hot water, and the heat is obtained 
either from the exhaust gases of the main engine or by means 
of a coal fire. There is thus no steam on board the boat. 
Messrs. Swan, Hunter & Wigham Richardson, Ltd., have 
now taken up the construction of marine Diesel oil engines 
in their own Neptune Engine Works, and have at present a 
set of four-cylinder two-cycle engines in hand.—“Page’s 
Weekly.” 
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DENMARK, 


The first-class torpedo boat Soridderen, built for the Danish 
Government by Messrs. Yarrow, of Glasgow, was launched 
on Tuesday, February 28th. 

The vessel is 181 feet 9 inches long by 18 feet beam, and 
is to have a speed of 27 knots. She is fitted with Brown- 
Curtis turbines of about 4,000 shaft horsepower, constructed 
by Messrs. Yarrow, steam being supplied by two Yarrow 
water-tube boilers of the latest type. 

The Soridderen is to serve as a type for other torpedo 
boats which are being constructed in Denmark. 


FRANCE. 


Condorcet.—The speed trials of the French battleship Con- 
dorcet were carried out on January 13th to 20th. This vessel, 
built by the “Ateliers et Chantiers de la Loire” at Saint 
Nazaire, has a displacement of 18,000 tons, and a shaft- 
horsepower of 22,500. She is fitted with twenty-six Niclausse 
boilers of the latest improved type, made by Messrs. J. & A 
Niclausse, of Paris, and eight turbines, built by the “Chantiers 
de l’Atlantique,” of Saint Nazaire. She is the first French 
Dreadnought to carry out speed trials. The full-power trial, 
as provided for in the contract, consisted of a run of ten 
hours with all boilers in use, and burning 264 pounds of coal 
per square foot of grate surface per hour. The result of the 
trial gave an average speed under the above conditions of 
19.257 knots as against 19.25 knots provided for. The coal 
consumption per knot on this trial was 2,101 pounds. The 
Naval Ministry further asked Messrs. J. & A. Niclausse if 

















Ae nt a = late relat 








630 SHIPS. 


they would consent to a full-power trial with a combustion 
of 33.34 pounds of coal per square foot of grate, which was 
accepted. The trial under these conditions was carried out 
on the 16th January, and the average speed attained over a 
ten-hour run was 19.80 knots, more than half a knot over 
the contract speed, and with a coal consumption per knot of 
2,628 pounds. The Condorcet further carried out her en- 
durance trials on January 20th and 2ist. This trial con- 
sisted of a run of twenty-four hours with normal combustion, 
and the average speed attained was 18.2 knots, with a coal 
consumption per mile of 1,481 pounds, which was 26 pounds 
lower than was allowed in the contract. The performance 
of the turbines and boilers was perfectly satisfactory through- 
out all the trials; the desired steam pressure being easily 
maintained under all conditions. 


GERMANY. 


Launch of the Kaiser—The turbine battleship Kaiser, 
launched last week, commences Germany’s second squadron 
of eight Dreadnoughts. Five of these vessels are already in 
various stages of construction, and the remaining three will 
be laid down this spring the first instalments for them having 
been voted in the current estimates. From the laying of the 
keel the construction of the Kaiser has so far occupied eight- 
een months, and an equal period is expected to elapse before 
she is ready for sea.- She is the first battleship to be built 
at the Kiel yard since the early nineties. 


GREAT BRITAIN. 


Launch of the Monarch.—H.M.S. Monarch, launched by 
Sir W. G. Armstrong, Whitworth & Co., at Elswick, is one 
of the four “contingent” vessels ordered at the close of 
1909-10. 

According to particulars which have appeared in the daily 
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press, the main armament of the new battleship consists of ten 
13.5-inch guns mounted in pairs in barbettes on the middle 
line of the ship. All the ten guns are available on either 
broadside, but only four are capable of use ahead and four 
of use astern, as compared with an ahead fire of six guns and 
an astern fire of eight guns in the case of the Neptunes. 

Her thickest armor is 12 inches, as compared with 10 inches 
in the cases of the three Neptunes and the three St. Vincents 
and 11 inches in the cases of Dreadnought and the three 
Bellerophons. She has been exactly a year on the stocks. 
Her official laying-down date was April 1st of last year, but 
her construction was necessarily delayed by the lock-out of 
boilermakers. , 

The principal characteristics of H.M.S. Monarch may be 
summarized as follows: Length (b.p.), 545 feet; beam, 884 
feet; draught, 2743 feet; displacement, 22,500 tons ; machinery, 
Parsons turbines; shaft horsepower, 27,000; boilers, Yarrow: 
speed, 21 knots; big guns, ten 134 inches; broadside fire, 10 
guns; ahead fire, 4 guns; astern fire, 4 guns; weight of pro- 
jectile, 1,250 pounds; smaller guns, sixteen 4-inch; thickest 


armor, 12 inches. 
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OBITUARY. 





FREDERICK CLAY BOWERS. 


Frederick Clay Bowers, “ Joe” Bowers to his service friends, 
was born at Newark, New Jersey, on January 21st, 1858. 
In September of 1875, he was appointed to the Naval 
Academy, after competitive examination, as a Cadet Engineer. 
He was duly graduated in 1879, and began his duties as a 
Naval Engineer. These duties extended over a period of 
many years and were: always performed in a spirit of high 
zeal and loyalty and with an energy and thoroughness that 
made his record an enviable one. It is not necessary to name 
the ships he served on, nor where they carried him. His 
shipmates and his shoremates who revd this do not have to be 
reminded that he performed his duties well. What they will 
want to know is something of his last days and how he met the 
summons to quit this life. ’ 

In the spring of 1910, while on duty as inspector of machin- 
ery in the vicinity of New York, he suffered a physical break- 
down, something of the nature of paralysis of the lower 
limbs. Knowing himself to be incapacitated for further work, 
he requested and was granted retirement on June 30th, 1910. 

The writer saw much of “ Joe” during the days his illness 
was developing and after it reached the hopeless stage. His 
manly cheerfulness during these days was something to won- 
der at and admire. In the sudden collapse of a splendid 
strength he met the prospect of: years of helplessness without 
a word of protest against his hard luck. Living pluckily to 
the end, his illness proved the stronger, and he finally died on 
April 17th of this year. 

He has passed through the door that will open to all of us 
sooner or later. Those who care for us can be proud indeed 
if we make our exit as did our friend, unafraid and with 
smiling acceptance of what had to be.—G. W. M. 
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AMERICAN SOCIETY OF MECHANICAL ENGI- 
NEERS—SPRING MEETING. 


The local committee of the American Society of Mechanical 
Engineers, E. M. Herr, Chairman, Elmer K. Hiles, Secretary, 
having in charge the preparations for the convention of the 
Society, which will be held in Pittsburgh, Pa., May 30th to 
June 2d, inclusive, has completed the work of arranging the 
program for each day during the meeting. 

It has been settled that the arriving guests will be received 
and registered at the Hotel Schenley, the Society headquarters, 
on Tuesday morning, May 30th. In the evening there will be 
an informal reception for the members and ladies in the par- 
lors of the hotel. The extensive alterations being made by the 
new management of the hotel will add largely to the comfort 
and enjoyment of visitors during the convention. 

Professional sessions will be held in the Lecture Hall of the 
Carnegie Institute, near the headquarters, Wednesday morning 
and evening, Thursday and Friday morning. In the meantime 
there will be a number of inspection trips to various industrial 
plants in the vicinity; a boat excursion for the members and 
ladies up the Monongahela River, a reception and ball at the 
Hotel Schenley on Thursday evening and, finally, on Friday 
evening a smoker and entertainment, given by the Engineers’ 
Society of Western Pennsylvania in their rooms in the Oliver 
suilding. 

A carefully prepared program for the entertainment of the 
lady visitors has been arranged by a committee of ladies from 
Pittsburgh and vicinity, which includes a number of delightful 
social functions. 

Judging from the number of inquiries which have already 
been received from expected guests, a very large attendance is 
looked for, and everything indicates that this meeting in Pitts- 
burgh will be one of the most successful “ Spring Meetings ” 
the Society has ever held. 
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ASSOCIATION NOTES. 


The following Members and Associates have been received 
into the Society since the publication of the list of members 
in the February number of the JOURNAL: 


MEMBERS. 


Beach, E. L., Commander, U. S. Navy. 
Campbell, J. A., Lieutenant, U. S. Navy. 
Claude, A., Lieutenant, U. S. Navy. 

Dawes, R. A., Lieutenant, U. S. Navy. 
Larimer, E. B., Lieutenant, U. S. Navy. 
McCracken, John J., Lieutenant, U. S. Navy. 
Miller, W. S., Lieut. Commander, U. S. Navy. 
Minor, Lucian, Lieutenant, U. S. Navy. 
Stuart, H. A., Lieutenant, U. S. Navy. 

Todd, D. W., Lieut. Commander, U. S. Navy. 


ASSOCIATES. 


Andrews, George M., General Manager, New York Ship- 
building Co., Camden, N. J. 

Beeman, Robert, Engineer Lieutenant, R. N., c/o Admiralty, 
Whitehall, London, S. W., England. 

Benitez, Jose M., Lieut. Commander Engineer, Argentine 
Navy, c/o Fore River Shipbuilding Co., Quincy, Mass. 

Buckingham, Edgar, Bureau of Standards, Washington, D. C. 

Chapman, Lawrence, Lake Torpedo Boat Co., Bridgeport, 
Conn. 

de Bertodano, Juan L., Lieut. Commander Engineer, Argen- 
tine Navy, c/o New York Shipbuilding Co., Camden, N. J. 

Deiser, Charles E., c/o New York Shipbuilding Co., Camden, 
N. J. 

Eynon, George E., 225 Lees Avenue, Collingswood, N. J. 
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Ford, Henry R., Lieutenant and Engineer, New York N. M.., 
114 Windsor Avenue, Buffalo, N. Y. 

Gardner, Albert H., c/o New York Shipbuilding Co., Camden, 
N. J. 

Hansen, Paul A., clo New York Shipbuilding Co., Camden, 
N. J. 

Harris, Herbert Henry, c/o New York Shipbuilding Co., 
Camden, N. J. 

Howitz, A. A., c/o New York Shipbuilding Co., Camden, N. J. 

Kauffmann, Frederick F., 909 Pine Street, Camden, N. J. 

Keith, H. W., Massachusetts Institute of Technology, Boston, 
Mass. 

McKinney, John §., Bureau of Steam Engineering, Navy 
Department, Washington, D. C. 

Olivera, Emilio M., Commander Engineer, Argentine Navy, 
95 Merrymount Road, Quincy, Mass. 

Pistor, Philip, 227 East Main Street, Moorestown, Burlington 
Co., N. J. 

Pistrelli, Atilio, Lieutenant Engineer, Argentine Navy, c/o 
New York Shipbuilding Co., Camden, N. J. 

Snow, Norman Leslie, 1342 Watchung Avenue, Plainfield, 
N. J. 

Sommer, Albert, 30 Church Street, New York City. 

Stout, R. Paul, Ordnance Engineer, Bethlehem Steel Co., 
Bethlehem, Pa. 

Treder, H. M., Chief Engineer, N. A. S., U. S. S. Vestal. 

Turner, Ernest G., 1305 Locust Street, Philadelphia, Pa. 

Vanderbilt, Cornelius, 30 Pine Street, New York City. 

Villacian, Zacaries, Lieutenant Engineer, Argentine Navy, 
c/o Fore River Shipbuilding Co., Quincy, Mass. 


The following correction in the List of Members issued 
with the February number should be made: 


Rigg, Ernest H., Naval Architect, New York Shipbuilding 
Co., Camden, N. J. 














ERRATA. 


Volume XXIII, No. 1, February, 1911. 
Page 252, line 17, for “eighteen” read “ nineteen.” 


Volume XXIII, No. 2, May, 1911. 
Table facing page 414. Third column under Warrington, 
second item, read “618.” 
Same column, item 8, for “ 165,700,” read ‘‘ 16,570.” 
Page 418, line 3. The reference to 1. M.S. Bristol is in 
error, as that vessel has simple turbines. 


Page 432, third line from bottom, for “’?,” read “V,.” 


Chart facing page 458. Scale indicated in title is in error. 


Page 467, thirteenth line from bottom, for “4,” read “ @,.” 


Page 468, fourth line from bottom, for ‘“‘ Head” read 
“ Read.” 


Page 473, twenty-first line, strike out second “ of.” 


Page 475, top of page, lower line of formula, for “77,” 
read ‘*77,.” 





